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Abstract

1. Oxidation of propargyl alcohol with chremic acid-sulfuric acid
in acetone gives proviclic acti in 234 yield, Base-zatelyzed reactic
of mathyl proplolate with 1,1-diritrosthane, nitrosthane, *,‘—dini?ro-
butane, and wethyl 4,b-dinitrobutyrate resuit in methyl 4 L-dlnit*OoQ-
pentenoate, methyl 4«metkyl-w-n*trv-2,)-h°' tadienmate, methJ* L 4=dinitroe"
2-heptencate and zethyl 4.4-dinitro-2-heptenedioate \tenf ) in rj, 13,
75.5 and 38 per cent yielde, respectiyely Eydrolysis of methyl b,k
dinitro-2-pentencate with ailute hyérocnloric acid at 6G° y*elda
k,4-dinitro-2-pentencic acid; hydrzlysis of methvi %<z Thvi~d-nuigro~2, 5-
heptad*enoate with dilutes hydrochlorie acid gives ,-h»_:.‘j-h-me+hvl--
k-nitra-°-hepteh3& oie ac*d iactone {tent,). : : =

© 2. S2eliective reductioa of ?—nitro- =butene with ’1thiuﬁ acrcnvdride
in ethyl ether-tetrahydrofursn at -70% rialds 2-nitrobutane (5%.7%) ead -
3-methyl-3,5-dinitrohentane (i4.2%}. Reduction of l-nlitropropene .gives
l-nitropropane (50%) nnd 2-methkyl-i,3-dinitropentsne.{2.4%), 2-Fhenyl= -
1l-nitroethane is formed inm 55.3% yield upon reduction of omegasnitréi'a
_atyrene with iithium borobydride 1n ethyl ethekxtexxah ‘rofuran at =707,
‘A study of the variablss on the reduction of conjugace uitro@Tefins—*“‘
has been made. Secondary eddition of the nitroelkanss formed to
unreduced nitroclefins may be minimized at 1awer temneraturea, it

3, Selective reduction of 2-nitro-l-butene uith scdium trimethoxy-
borohydride in ethyl ether-tetrakhydrofuran st -70% results in 2-nitro-
butane (45%) and 3-methyl-%,5-divitroheptane (35%}; Z-methyl-3,5- :
dinitrohentane was converted to J-methylo§-n1tro-5-hentanone Yrv the He?f
reaction arnd @hen,chzracterized as 3-methy1-j-nitro»B-heptanone 2,4-
dinitrophenylhydrazone. Reduction cf l-nitropropene geve l-nitropro-
pane (81.7%) and 2-methyl~l,3-dinitrcpentane (11.%%); 2-nitrcbutane
(62.6%) and 3,h-cimethy1-é, ~dinitrohexana {62,6%) were obtained by .
reaction of 2-nitro-Z-butene with sodium trimethoxybororydride. - Selective
reduction of cmega-nitrostyrene at -39 is believed to have given

2,k-diphenyl-1,3-dinitrobutane.

L, Suﬂitro-l-propaaul ;aé b:eé'preparsd by reacticn of silver
nltrite and 3-brcmo-i-piopanci; oxidative-niirztion of 3-nitro-l-
prepencl gave 3, 3-dinitro-i-propanol. Potasgium 3,3-dinitro~i-grosanol
and silver 3,3-dinitro-l-prcopanol have been prepared and characterized,

Oxida*iveunitration of cyclcpentylniu‘b‘ethare results in
formation of cyclopentyldinitromethane (50.9%); siiver and potassium
salts of cyclopentyldinitromethane have been pregsred and characterized,

Reaction of l-bromo-3,3-diméthiylbutene and silver nitrite xave
3,3=-dimethyl-l-nitrobutane, characterized as 3,3-dimethylbutanal
2,bk-dinitrophenylhydrazoue. 3,3-Dimethyl~l,l-dinitrobtutane was prepared
4n 43.3% yield by oxidative nitration of 3,3-dimethy1-1~nitrooutane.
Physical and znelytical properties of potassium and gilver 3,3-dimethyl-
l,l-dinitrobutane hBVe veen determined,

C*ﬁr:\if‘!i'/"‘NTu—\L el
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5. Reaction of silver 1,l-dinitroethace with methyl iodide in
acetonitrile yields 2,2-dinitropropane (38.4-51.7%) aud 1,1-dinitro-
ethane (12.3%)., L L-D;nitro-l—pentene (02-95 ) was obtained from allyl
bromide and ailver 1,1-dinitroethane ‘n acetenitrile at 00; s study hae
becn made of resction variabvles oo this systenm, '

f., 1=Eromo-l.l-dinitrostnane has been trapared by reaction af
“xirozine and ﬂodium syl-dinitroethéne in water-at: 0»5 Reaction of
pi perldlue with 1»bromo~lz -dinitroethane viel de& lperidicium
1,1-dicitroeticio-{54.3%), piperidinium bromide \7h;:§,, and & high
molecular veight product containing piperidi=e units, '

. .. _Reaction of 1,l,l-trinitroethane with guaaidine in ethanol
at 0 §u‘§esultc, in fc*mation of ;,2~din;troetuylgﬂani Hive \?2 P%)
and granidine nitrite (82.3%) A proof of structure and method of
analysis have been daveloped for guenidine nitrite.

< 7: The aolubilities of the potaszium salts of 1,*-d1nitroet&an
'1,1-diaitropentane, 1,1-dinitro-3-methyioutane; 3,3-dimethyl-1i,1- .
dinitrobutane; cyclopentyldinitroaethane, and *yclohzxvldinitromethanu
in water at 25.00%%0,01% bAve been accuratsly determineéd. Ionizatfon”
copstents.for substituted 1,i-dinitroalkaues have teen determined at
25° in metbanol (17.8%) ~veter, methanol (41.9%)-water, ard dioxane
(36.0%)-vater (see Discussion). The sffect of dielectric properties
of the golvent medicm on the 1onization consvant of 1,l-dinitroethane
has been investigzated (see Discussion

f“"\l- CNTI/-\L
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1. BRASE-CATALIZED ADDITICK REACTIONS OF MONONITROALKANES AND PRIMARY
GEM-DINITROALKANES WITH METHYL PROFIOIATE. SYNTHESIS OF FROPIOLIC
nCID, METPYL 4,4-DINITRO-2-FENTEWOATE, 4,4.DINITRO-2~FENTENCIC
ACID, METEYL A-MﬁT L-L-NITRO-2 5~HFP”ADIEKOAT3, S-HYDRUA;-h-
METHYL-4-NITRO-2~-EEPTENEDICIC ACID LACTCNE, METHYL +,4-DINITRO-
2-BEPTENOATE AND MEITIL k;h-DINITRO-/-HEPTEN"DTOATE.

A study of hase-catalyzed add*tion resctions of acidic mone and
dinitroalkanes with methyl proviolaze 38 helog continued &8s new
Michael systems which mey he of vajye in the nitrepclymer progr-am,
Addition of alpha-omega dinitro or polynitrcelkanes to methyl
propicliste should leswd tc 8 uaries of difurctionel intermediates whick
may be of particular value in +%e r~yrthesis of solid propeliants,

It has been praviousiy repartedl that reaction of 2-~nitro-

propana anil methyl propiclnte in the presence of methasnolic. sodium
methoxide occurs readily at 0-25° to zive methyl ‘~methyl-i-pitro-
D-prutencate in 55.4 per cent yield Tt was also observedl that
adgdition of -,;-uinitroethane and methyl propiclate in the pragence

of benzyvltrimethylammounium hydroxide occurs readily; however, the adduct
could rnot be resdily purified because of its instability. It is

now reported that methyl & ,L-dinitro-2-peutencate is produced

in 33 per cent yield by reaction of methyl propiolate 8snd 1,1-dinitro-
etheune catelyzed by methsnolic benzyltrimetnylammonium hydrozide
{Egquaticrn 1), It bas alsc been found that reaction of 1,l-diuitro-
ethane snd methyl propiclate occurs in much higher yleld in
tctranydrotaran (75%) than in methanol. Methyl b,k-dinitro-2-
pentencate 18 best isolated by muleculer distillation_teahnice;
~zxcessive decomposition of the estsr ocours whes iétil_a*ion is
attempted at higher pressures, Meothyl 4, k.dinitro-2-pentencats was
identified by its chemical properties, 1n1ra ed spectra, quentitative
anslysis and by hydrolyeis with dilute hydrochloric acid to 4,4'-3initro-

)

2-pentenocis acid (Equation 2,. U,k-Dinitro-2-peutencic acid is a stabdle

CONHDENTIAL
SECURITY . INFORMaTRREN
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CH3-CR(NO2)2 + HCZC-COpeCHp -2 CHg~0{NOz)z~CHECE=C02-CHs (1)
Clig=C(NCz Jo=Ci=CHA002=Cla + K20 -ty CHa=({NGz )2 ~CHECH-COSE + CHOH - (2)

white,solid which wea characterized by its chemical and physical
properties, its infrared absorption and by guantitative analysis,

" The adﬂit1~ﬁ reactions of methyl prepiolate with primary gein-
d&;ivrca ikanes .08 been extezded to 1,l-Glaitrzrutane (Equation 3) and
metnyl b, %edimitrobutyrate (Equation h) £o givs methyl b4,4-dinitro-2-
hepteuocate {63% yields and methyl b,k-diz 1tre~c-heptenedioa (60%,
tentative). In *euct*on of 1, l-din‘trobutane ;the r:saenea off

CRS~CBS*C32~CH(\v2}z + 0 LC-G-Cozﬁﬂh-gggg%

CH3~CHz ~CHg =C{N02 )5 ~CHu:CH~C02 =CHs : (2)
i : 25 “OCHa
BC{ %02 Jo-CHe~Hz ~C02-08s + HCZC-C0g=CHamm i ey

CHa~020-C8z -CHz-C(NOp )2~ CR#CH-C0, ~CE5 183}

benzyltrirethylammonium hydrﬂxide it wes 2136 obgerved that the product
waa_ of higner purity and the = riald wae grz:ﬁe: when. anhyﬂrnap tetra=-
nyarofuren sas vaad as Sﬁlvelu {(75.5% V'nL_} rether than methunci.

The additicn reactlions of methyl propiolate have been extended to
‘the primary monnaitroalkane,- nitrcethane, Coneiderable difficulty has
been experienced in ccutrolling amd rsproducing this reacticu; however,
in the presencs ol exsess metbyl proviclate ( »2:.1), addition occurs
to give meiayl u—jethVL«h-nz*“o-E,5-heptadiencate (Eguation 5) in
1% gor cent yleld. The intermediate 1:1 =dduct. methyl h-nitrc-2-
pent~enoate, hag, as-yoi, not oeen igclated in pure stete. The-structure
of methyl h-méthyl-k-nitro-2,5-hsptidiencate has besn based on the

CE5-CHoNOp + 2HCIT-00z-CH3 ___..;.cna-oac-ac:ca-g;"oa) CBECE~C0p ~Hg {5)
3

thysical, chemicgl and ‘nfrarei proporties and qualitative aunalysis of
the adduct, A21id hyirsiveis »f mothyl h-mathy;»4mnitro-2 S-heptae-
dlsnoate is belicved to vielld H-hvdroxy-+-methyl-! h—nltrc~;~neytenedioic
e21id lactone rather than h-methv*-h-n*tro-z,j-;optae¢enoic ecid
(Squation 6).

EONFIDENTIAL
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N0z o0 102
OB 4-02C~CHZCH~ ¢—CK—CE-002-CH s —2222, [0, C-CB-‘“&»E;CF-CE-COQB]
3 .
- 0.
H0C-CHo = HC i C=0
= ! 1 (6)
{CR3) (Wo2)C //FH
\CH'/

The structural assigrasut is based on {1) its physical, chemical,

tufrared and quantitative amalyeis characteristics, {2, its neutralizatica
aquivalont (titratlion as a monobasic acid), and {3) its eventual
saponificatioa with -excess alkeli. Further proof of structure of this
produét is now in trogrese.

Propio;ic aﬂid} praevicualy prepersd by decarhoxylation -of -ono-
potassium acetyleaedicarbsxy“ic acid, has pow:been rena¥e§<ny oxldaticn -
of proparg'lgslcchcl with chromic acid ‘in ec e*ons-aﬁvebf {Jii"vield)‘
This investigation has been terminated becausge propisiic acid-is now
readily available ifrom Fairfield Laboratories,. Detrcit, Michigan,

2. REDUCTION OF CONJUGATED NITROOLEFINS WITH LITHIUM BOBQHYDRIZE

It has previousliy been reportndjl thet selective reducticn of the
olefinic double bond .in 2—methyl-1-n1troprcpene with lithium borohydride
in ethyl ether-tetrahyﬂ;ofvran at 0 to -5° gave the corresponding .
nitroslkane, 2-methyi-l-nitroprrpane in 48, 4% yield upon acidification
with urea-acetic acid sclution, More recent \mrk has shown this reaction
tc be of general appiieability; z-n;tro-l-*utené, l-nitropropeas snd
omegz-nitrostyrens have been reduced to the cerrésponding saturated
‘Bitro compounds in yields of 59. 3%, 43.9% and 55,.% respectively.

B -3

Tbe re&uction ‘reaction proreea, u.CG ding to Equetiocns 7 and o)
hoveve* a sacondery reaction (Eq;ation G) cczurs oy reacticn of the

=R ; : "R 1 ey ;
k >C:CR"N02 + L1BH, > >,ca-cm"noz‘ Lo BLL (7)

R - ; R

: J

IFR‘ | } R

 NCE-Ci{"NO2 | ¢ BL1 + HAC + 3Hz0—3 4 “CH-CHR"NO» +

LR/ ! rRY

4

LiAc + HaBO4 (8)

Michael type of the nitroolefin with the'reduced product, the nitro=
alkane, to give 1,3-dinitroalkanes This yleld-lowering

~ CONFIDENTIAL
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RR'CE-CR"NO2" + RR'C={R"NO» — RR

a2 A {
fAi- y
2

~CRR '~ ()

w_w -

reacticn can be minimized by lowsring tne .emperature of the reduction
'50 -|U' 3

A study of the effect of tempersture anrd reaction time on the
reducticn (see Experimental) has shown that the desired reection
rroceeds crsimally at lover temperaturss. Higher yields and complete
raductior have also been realized by use of a 100% excess of the lithium
borohyiride, The resulte of this study are sumzarized ic Table.1l,

Tahle X
REDUCTION OF 2-NITRO-1~BUTENE WITHE LITHIIM BORCHYIRIDE

: : ‘ =  Yield
Time.  Moles LiBHy/ 2-Ritro- 2-Ritro- 3-Methyl-3,5- _
Temp.© hrs, moles Glefin l-butené  butane dinitroheptane FResidue

-1 to
4 2.5 1/% 20.3% 16.2% 22.84% 15.7% -
-850 to : ' '

-55 1.8 1/u 3 .08 5.76% 3.27%
=68 to P
-70 B 1/u 23.7% 39.0% 5.2% 11.8%

~68 to e
-70 55 1/2 None 59. %% .23 8,15%

# Products were washed with sodium hisulfite solution,

All products were identified b} their physical constants, infrared
spectra, end by conversion to the corresponding carbonyl compound via
the Nof reaction ’ and thence %o the 2,4edinitrophienylhydrazone
devivative,

3. REDUCTION OF CONJSUGATED NITROGLEFINS WITE SOPTUM TRIMETHOXY=
BQBQHYDRIDE. = TR
The study of the selective reduction of the carbon-carhez double
vond of conjugated nitrooclefins wi*h sodium itrimathoxyborohydride has
beer continued. It was prevically reported that 2-methyl-l-nitro-
propsne could be reduced to 2-methyl-l-nitropropene in 63.4% yield;
it ie aow reported that 2-nitro-l-butene, l-nitropropens and 2-nitro-2-
butere have been reduced to the correeponding nitroalkapas in ylelds of

CONFIDENTIAL
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b%%, 81.7% snd 6 —6% respectively. Reduction of omsge-nitrcstyrene

*eselted in the isdlstiou of a high melting qo}id, as yel unidentified
{see Experimental),

Two reactione occur in these ersteas; (1) ihe desired reduction

- reaction tc givs the saturated nitro ccmpound (Equations 10 aad 11)

end (2) Michael condensc tion of the nitroolefin uith the ealt of the
reduvoed product {Egquation 12) to give the 1,3-dinitroalksne, Formetion
of tbe Mizhael condensation product may be minimized by effectiag the -
reduction at =70 G s

RR'GsCR"NOz + NaBH{OCHz)3 ——> m'cx—c:a"xogm + (OCHS‘}—:sB 110)
-BRIT-CRNGaNa. +  E%——p FR'CE-CER"NO; + Wa* {11)

3 E.F’CK HOz" + BR'C{CR I@“z -»—-—sFR'CL’-CR"(mz)-C?"'-Hoa 2)
" fomplets reduction of tae conjugated nitroolefins may be ‘realized

if a 50{ excess f sﬁium trmef:hozyb--w}':’.rid‘ iz exployed. The — . _;-;

‘studied ("‘a’o’.‘terTI ad ag example}; the optimum conditions inéﬁfdéma

short reaction time and low temper athra.

s T ~ Table 2 ’ g0 P

EEDGCTIQW OF 2-NITRG~1-BUTEEE WITH SODIUM TRIMETBOXYBGRCE?ﬁﬁIBE

Yield*
. Mcles. )
_ Time KaBB(0CH,)s/ ~ 2-Nitro- 2eFitro-— =.macny1-1,§«
Temp. ¥in. moles Olefin 1-butene  butape A7~din;t;*hart&ne, _Residue
it T ' ' s o :
~ =22 - 180 11 M 9.2% 5,03% - —68%
=55 to : | R g L
-60°" 100 11 # 25. 7% .2t . - 7.2%
-80 to - ~ _ =
SR 1.5/1 Nore  45% 35% 8.5%

# Product was washed with gcdium bisulfite solution,

All products were 1dentified by their phyeicalvconstanta, ianfrared:
spactra and by cgnversion to the corresponding carbonyl rombound vias
the He; reaction” eaud thence to the Z,h-dinitrophernylhydrazone
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L FRACTTONS OF SITVER 1,1-2INITROETHANE WITH METHYL IODIDE AND ALLYL BROMIDE.

Reaction of silver salis of acidic nitrocalikanes with alkyl hb)iuea
nay lead to carboun and oxygen-alkylsted products. Methyl 10dide reacts
with silver 1,1~ -dinitroe*ne1e b in the absence of a solvent to give

2,2-dinitropropane (9.5%,, 1,1-dinitroethane (15,2%), ethylaitrolic scid
(6.1%), formsldehvde and methyl ethanenitrolate (temt), Since it hes been
found that 1,1,l-trini¢roalkasnss are formed in reactione of primery alkyl

halides with silver trinitromethane, D an investigation h=s beer initiated
of the effects <i temperature and egolvents of high dielectric constents on
the displacemsnt reaciions of ailver saltn of 1,1-dinitroalkenes with alkyl
halides. It bhas been previously ropo'ted from this laboratory that
saaction of methyl 1odids snd silver 1,l-dinitroethanc in anhydrous
acetonitrile at 0-5° geve 2 e-dinitropropana (13.7%), 1,1-dinitroethans
(9.98) and formaléehyde; Lo ethylnitrolic acid coulé be isolated. Tt 1is
now reported tnat addition of methyl iocdide to a solutiom of silver 1,i-

initroethene in acetonitrils at O~5° results in the formation of acidic
and neutrai productas. Sersration and purificatien of the neutrsl components
result in isolation of 2,2-dinitropropeze in 51.7% crude yield; further
purification of the 2,2-dinitropropans by chromatography on magoesol-Celite
end vacuum sublimation gave pure 2,2-dinitropropane in 38.L% yieid.
Characterization of the acidic ccapcnents result in the isclation of
1,1~dinitroethane as its potasaium salt in 12.3% yield; no evidence was
found for the preseace of ethyinitrolic acid ia tiie reaction product.

Reaction of gllyl brcmide with silver 1,l-dinitroethane in anhydrous
acetonitiile at 0° resulted in formstion of A si-3initro-l-pentene (Equstion 10)
in 22% yield; ths acidic reaction products have not doen chardcterized,

CB23CH-CHoBr + Ag(OaN)2C-CHa -—— Ho#CH-CHo~C{ N0z )2-CHa {10)

4,4b-Dinitro-l-pentece slovly decolorizes bromine in carbon tetrachloeride
and an squeous solution of lithium permenganate; the structursl assignment
for the product is tmsed on its quantitstive analysis, its infrerzd spectra
and its lack of reactivity with agueous dases,

A study of the effect of tempersture con reactior of allyl! bromide with
silver 1,i-dinitroetnane at -4C%, 0%, and 60° in acetonitrile resulted in
formation o L L.dinitro-l-ventene in 22.7%, 22.0%, 2nd 9% ylelds,
respectively, Inversicn of the reaction procadure it thet an acetonitrile
solution of eilver 1,l-dinitroethane was added to allyl tromide at 00 gave
L,3-dinitro l-pentene in 25.6% viocid . No evidence has baen ottained for
oxysen-alkvlation in thie system, Heterogeneous reaction of ailver 1,i-
dinitrcesthane and allyl bromide in ethyl ether at 26° vielded 2 vary
seneitive reaction product which decomposed vioiently upon attemptesd
distillaticn,

5. EEACIION O r_PIPERIDINE AND i-BROMO-1,1-DINITROETEANE.

The reacticns of various bagsees with l-bromo-1,l-dinitroethane are
being invest.gated (1) as methods for preparation of 1,1-dinitroethylene
and its addition products and (2) in order to obtain information concerning
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Lhé hehaKFOr of halodinitroslkenes during-raauctiom. It has been rrsviously

. yeportad™ _that pipériaine m&c}m with 1~§rms—1,1-din1trouhanc By
axidation-*edueuien invelving displacement of tromonium-ion to give the
piperidine seld of 1,l-dinitroethane; the 6ther products of reaction were
not. identxfusd. It 18 aow reporied fLhat piperidine ex d l-bromc-l,l-dinitro-
ethaz:q in c.thyl ether at 0° react to give piperidinium 1,l-dinitroethane
(64.3%}, piveridinium hydrobromide (74,7%), and =2 high-molecular weigkt
-?roduct {presunstly a-trizer) derived from 3, %,5,6-tstrahydropyridine
(Bquaticns 1l and- 12) ~Piperidinium I,l-dinitrcethane was idexntified by

+ . -
3 CsH10M8 + CHa-CBr{NOa)z —- Callh oNHz (0pN)2C-CHy +

CoBofEBr + [CoHeli] (11)
5 [CoBol] ———s (CaBaN}s (12)

comparison with an authentic sample prspared frow piperidine sand .
1,1-dinitrocthane; and by ite ultravi ciet-specirun, Fiperidizium hydro-
bromide m—%denuiried by fis physica¥ aud-shemical properties and by -

: comm:iao:rm*th sn-authentic semple. -The unidentified basis product is
believed tG be & mixture of sterecisomeric satursted 1,3,5-triezines
resulting frem tria erL..s ion of 3,k,5,6-tetrehydropyridine (Equatioce-12}).

6, EEACTION OF 1,1,1-TRINITROSTHARE AND CUANIDINE.

4 has beet: pmvicusly rapox:t.ed ~ that reactiocn cT g_uani&ine
{®xt9ss,-> Two equivalents) and 1,1,1~trinitrsetifine in ethancl &% . 5=50
reguits in aiininatisn-addition to give 2,2-dinitreethylguanidine in
TT.Th yield; the other products of reaction were not identifieds It is
now reported that reaction of guanidine snd 1,1,i-trinitroethane in-
‘ethanol at 0-5% gives 2,2-dinitroethylguenidine (72.8%) and guanidinium
nitrite (82.3%, Equation 15). An ultraviolet absdrrtion method has been

Fosa o P ot
2 EpN-Laia 4 CHa-C(N0z )y ———) HoN--FHo-CHo-0(N02)2 +

LS
HzN-C-NH *ENO>

developed for eatimeting the concentraticng and the yield of -
2,2«dinitroethylguanidine proguced in this reaction. Guanidine nitrite

was 1dentified by its chemical snd physical properties and by ite conversion
to guanidinium picrate and silver nitrite,

T TOZIMTIVE-WRAT%W OF -3, 3—DI.'METEYIPI ~NITROBUTARE ABD CYCTOPENTIL~
: "MB@[ “2-Dm1,1-DIﬁXTROBUPm A!ID C!CLOPEKTTIDIK;‘QQ

. 3, 3=-Dimethyl-l-nitrobutane has bean prepared by reaction of silver:
nitrite and 1-bromo-5,3-dimethy1butane. 3, ,-Dmethyl—l-nitrobutane diu aot
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Eive‘ 3 completely sautisfactory quantitstivs aralysis and thus it e
verted to 3, 7-dinethyIvutars via its sodium salt erd the Nef reacticm.
zt

1 1
3 3. inethwidutrval was charroter {254 as‘,:saazk.&ani%rophgnylhzdrazqmg
and taéﬁrﬁf"uéh‘a*a+1”91 ennTTTedg]

A o
ﬁ

), 3-dize thyk-2-nitrobusi~: resulted in the _

5 cdinitributzes lo 43 3% yield, 3,3-Dimsthyl-

1,:-35 Gfumrm wes characterized. by 4ts i infrared spectra, by conversicn

into” ;is pcvaau;nmxsndr*te : ivar selts, ana by analvais a8 8ilver
unyl-.ll-ﬁinitrobutanea

_Reactien of the ao&inm salt or-cyc;opentjln;tromethane‘vith
-sgivssenitrate_an5~aea:um nitrite yieided cyclopentyldinitromethane (50.9%).
mof-cyel cpan*:iﬂinitrfzetnsne was tased on its infrared and
its qaantiﬁ&f*ve'analysee, converaion ?u_the—pcﬁassiua-a + and its
uItrazzeletgznﬂﬂﬁxa,_&n&*ty’yneparaties==n? au&%?s of‘ita silver sdlf

8. THE Lﬂr'u-“-d 05;55 VENT'S ON THE XK FIfﬁTTOH'QQSSmﬁ} ¢ OF
Sv _BST:”:Q\‘ L3 ;.’ DO .I.fo: Lf_.;:s\‘ -,P-) 2

jonizetion censtents of

_&-gtudy has raen mode of tha appe“ﬁnt
45 veqt aystans {Table 3; in

elevan 1,l-Ginitroaiwanes in wariou
order t¢-decsrmine the influense of steric and electrical factora on
the acid nrop=rties cf this cless of compounds, _ The solvent sysieme

vhick have heen ztudled at 25° are methanol (17 Br,-water, wethanol
(431.9%)-water and dioxsse {56%)vater. In general; the same order

of reistive acidities for the subatituted I,1-dinttroelisnes was found
in each of the three scivent aystoms., “The only (_bégtluu 4+hat has
been found are the relstive icnizstion congtanis of syclopentyldinitro-
methane ard cyclohexyliinitromethane in mechanol (17, F’)-uater.
EzcéLlent"*reeme;t-has_been nbtaired frem the studies of -fonizationm
cousiants of 1,l.-dinitroalimues aud “he soihbilitios and uitravioclet
spectrs or thelr potassium salte for the genersl concept that the
structurss of nitronitronate icos are wmarkedly iufiuenced by the steric
requirements of thelr alkyl substituents,

14 has been previcusly repcrtedt that the ionization constant of
phenyldinitromethane can te correlated with the dielectric properties
of the solvent medinm} cver the dieisctric constant range 71.C-959.0,
the ilonization constants of phenyldinitromsthane decreases almost
lipesrly. A-studv is now veperted (Table L' of the influence of the
dielectric nature of the eolvert on the ionization constant of 1,1—
dinitroethane in methanolewater. Over the dielesctric range: 78,5 &
b3,k & plet of the lonization constact of 1,i-dinitroethane against
the rsciprocal of the diclectric constaut of the sclvent medium is
eagentislily that of a straight Iine; &t lower Alelectric velues, the
décrease in ionization constant of l,l-dinitroethane tecomes accelerated,
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TONIZATION OONSTANTS' AND §§E§e§. .DATA FOR SUBSTITUTED 1,1-DINITROAIKANES®

Neut, Equiv,

2aled, Folnd
126, 120
1% 135
148 150
e
e 163
148 .Hr@
162 164
175 178
1Tk 173
188 187
% g
i
122 pr

Water Sulvant e:u.aﬁeu. 1 jﬂgwop ( 5_._%% [Pitratione in Methsio)

-Ivater) ?w Q&fh:&n uopqoa»m_
pKa e pia WA X
577 6.5%0,0% 206 S0 b Sﬁo; x S.ﬁm s.82h  1.50%0,02 x 10-6
u.__m_m e, ?.w x20%  6.05  8.90%0,02 x 1077
%X 5.5040,02 Ix 1076 72 1k%0.05 x 1076
5.5k 5.081041 x 1076 1i22%0,1 x 1676
L6903 R.gsteil x| 7 7.%1  b.89%0.1 ch-m
£128 wu,_.w_ﬁo_.p k a0 8.80h  1,57%0,05 §107Y
ud_._%_a -53%0.5 X -6 5.9 1.15%. d x H_o_.m._.
5,386 W, 11%.15 % 1076 s.om 2.67%. 15 % 1 i
v zih - . 1 kA - \l-m,w
7400 6.50%0.5 x _S 7462 3.4k%0,1 x 1T
w o f il
7481 Wasro.s 4o A. 7,598 b.00%0.1 23670
hB2, L8l x Eww_ 4,78 H..ﬁ,.u?._w” n,..po-w,‘
438 6.66%.00 x ._,.548 f‘ i 5.15 7.10%0,02 x 1046

* Pitrations in Dioxave
(36,09 )-vmter solvent®

pKa
5.715
6.071

5.872
s, 866

T:3Th

9.028

T.481
7.bly

5.25

Xa

14€8%,02 x 1076

8.49%0,1 x 10~7

1.3%20.1 x, 10-6

+, =6
1.30%.1 x 107 |
4.23%0.1 n.._w_o..m .H\uﬁ\
ﬁlll

9.%%0.05 x 10-2¢=~

N

©9.43%0,1 x 1077

Z
)

—~t

2.58%.1 z 10°°

-

[«
5,30%0,1 x 107"

3,60%0.15 x wo..m

5.60%0.02 x 10°°
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a, The teaperature of all solutions we B 25,0

O.l C. Titrations were
conducted with a Beckmen vl meter with p’ass electrode, standardized
with scdium acetate-acetic acid {pB = hY wuffer in weier.
%. Neutralizationsg were carried ocut by adding 0.1000 N squeous sodium hydroxide

to & sclution of the 1,l-dinitroalkane iun a mixtare of ,5 ul, of C.p. methanol
and 50 =1, of distilled water.

c. Per nent methancl by weight at half titre.

c. Titrations were conducted by adding C.1000 N aq. sodium hydrczide

to & solution of the I,l-dinitroalkane in 50 ml, of methancl and 50 ml.

of water, Titration of 1,l-dinitroethans in aquecus methsnol {L1,9%
methanol by weight) with 0. 1000 M sodium hydrczid, in aqueon gethancl of the
pame composition gave an fonizaticn constant of 1.50 x 107°; this i3 in
excellent agreement, within experimental errcr, Tor »he ionization constant
determined by titration of 50:50 methanol-water with aquecus sodium hydroxide
{4 methancl at neutraiizationshl.9%),

e. This set of titratious was run by adding 0.1CC0 N equecus sodiuz
hydroxida to a solution of the 1,i-~dirnitroalkane in 30 ml. of purified dioxane
and 50 nl., of water.

f, - Per cent dloxsune by weight at half tiire.

g. These comncunds were not comp¢°tely soluble in the methanol {17.8%) -
WBLBY bu vus vawowuv wi VUD LLILIDLIUNG

Tabhle ¢
The Wffect of Sclvent Compasition and Dielectric Constant on the Ionization
Constant of 1,l=Diniiroethane  at 25.0°% 0,1°.2
S MeOH(wt ., ) Dielectric Kion Kionm x 108
Lonstent
0 78,48 6.65 x 107 665
TrIEe 2.8 4,07 x 1 LO7
25.34 7,50 2.91 x 1076 291
£1.90 53,90 1,45 x 1073 145
41,900 59,90 1.50 x w6 150
L, .20 58,85 1,26 x 1676 125
6L, .89 49,40 36L x 1077 i1,
BT 38.80 5,71 x 107€ 5,71

4 Anparent ionization ccnstants wvere determined Ifrom pH at half-
titre of metnarol -~ vater solutionz of 1.1~dinjtroethane with methanolic
agusous sodium hydroxide solution of identical sclvent compesition,
Titration of methanolic-aguecus 1,l-diniiroethane with 2nuecus sodium
hydrexide; ver cent methancl of soluticn at half-tiire was calculated,
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Experimental

1. OXIDATION OFrPROPARGYL AILCOEOL; FRCPIOLIC ACID

An aqueous solution of chromic acid {70.Q g., 0.70 moles in 750 ml.
of water aod 112 g., 1.17 moles of sulfuric scid) was added in 3 hours to
e stirred solution of propargyl alebhcl {31.0 g., 22.0 ml., 0.54 moles)
in scetone at 0%, The reaction mixiure was allowed to warm ¢o rocm
temperature overnight, then poured into iced water, and extracted with
ethyl ether. The coumbined sthar extracts vere dried over scdium
sulfate and then over calcium chisride. The ether sclution wes concentrated
8t atmospheric pressure and then distilled under vacuum to give propilclic
acid (12.58 g., 33% yleid): b.p. 83-83° (50 =n.}, o§Y 1.1308, 96.5%
essay; 1it. © b.p. 83-84° (50 mm,), nf’ 1.4%02, T )

2.  REAQTION OF 1,1-DINITROETHANE AND METAYL PROPIOLATE; METEYL
L} -DINTTRO-2~PENTENOATE . ;

Procedure 1 - Benzyltrimethylsmmonium hydroxide, {Triton B, 10 =ml.
ot & 35% molution in methancl) was added slowly to a cold, stirred
solution of methyl propiolate (5.0 g., 0,06 mcles) and },l-dinitro-
ethane (8.4 g., 0.07 moles} in anhydrcus methanol (30 ml.). The
soluticn wae stirred overnight, warmed te roca temperature and then
poured into cold, dilute hydrochloric acid (1 §). The dark-red
mixture was extracted with ethyl ether; the combined ether extracts
vere washed with dilute sodius bicerbonete sclution and with water
and then dried over calcium chloride., Upcn remcval of the ether
at rsduced pressure the yellow residue (6.0 g.) wae distilled twice
in a molecular still to give methrl 4,4.3initrc=-2-pentansate;

“Rﬁo (found) 42,98, Infrared amslysis of the product indicates

the presence of ecter (5.8 microms), conjugated double bond (6.1 microns)
and gem-dinitrs (6.2 micrcns) groups.

Anal. Calc, for CeHgN2Og: C, 35.29; H, 3.95; N, 13.72.
- Found: C, 35.59; H, 3.09; N, 15.20.

Procedure 2 - A sclution of 1,i-3initroethane {32.0 g., 0.1 mole},
methyl propiolats /9,0 g., (.11 mole) and anhydrous tetrshyirofuran
(60 ml.) was placed iu an Erlenzeyer flask equipped with e wagnetic
stirrer, an ice bath and & drylog the. Triton B (5 L 35% in
nethanol) wae sdded in emsll portione {2 hrs.) to the cold,weil
stirred sclution. The mixturs wveas then aliowed to warm to room
temperature overnight. The dark-red reaction mixturs wes shaken with
saturated 20iium chloride solution ccataining a few dreops of
concentrated hydrochloric acid until the orgavic lsyer wea acid.,  The
tetrahydrofuran was removed at reduced pressure; the residual red oil
was then disszolved in ether. Ths ether solutico wag washed twice
with squeous scdium hydroxide (5%), once with hydrochloric acid (1 N),
several vimes with water and then dried nver calcium chlorids, After
the ether had been vacuum distilled, the red residue (19 g., 93% vield)

CONFDENTIAL
SECURITY INFORMATION

"t



if‘k /P\J"' *“ P\ 5 A 1

was purified by molecular distiliaticn to give nearly coloriess
methyl 4,4-dinitro~2-pentencate: 14.9 g., 73% yleld, nEo 1,475,

3. HEYDROLISIS CF METHYL U 4~-DINITRO-2~PENTENOATE:; U4 ,L~DINITRO~
2-PENTENOIC ACID '

Methyl 4,4-dinitre-Z-pentencata (0.62 g., 0.003 moles) was
sdded to dilute hydrochloric acid (30 ml., 2 N} sad stirced at 60°
for 2 days, The clear solutlen was cocled and extracted with ethyl
~ether, The ether extrsct was dried and evaporsted at reduce” pressure;
a vhite crystalline solid, L,b-dinitro-Z~pentenoic acld {0.% g.,
66% vield) remalined which mel*ed at 118-1190 upon being washed with
geveral porticns of cold ethyl ethery neut. equiv, (calc.) 130,
neut. equiv, {(fourd} 191,

Anal. Calc. for CsHeNaGet 2, 31.59; B, 2.13 F, 1.7k
o : Found: ©, 31,.8%; H, 3.26; N, 14,56

L, RERCTIOF OF NITRCETEANE AND ME?HYL PROPIOLATE; METHYL 4-METEYL-
LoNIT.0-2,5-HEPTAD L ENOATE

Benzyltrimethylammonium hydroxide {Triton B, 16 ml., 5)5 in
methanol) wes added in smali portions toc a stirred mixturs of methyl
propiolate {1£.8 g., 0.20 molee) end nitroethane (7.5 g., 0.10 moles)
in anhydrous weéthanol (40 ml,) at 0°, The reaction mixture was warmed
to roum tempevature overaight suma them poured into dilute hydrochloric
acid {1 N). The mixturs was extracted vith ethyl ether; the ether extracts
were~cambined,ana dried over salcium chloride, Upon distills tioa of the
ether extract & mixture of a vellow oil and white crystals-(‘ otal 10 g.)
remeined., The residue mixturs was dissolved-in ethyl ether and
fractionally crystaliized by partially removing the ether and then
filtering the product, and repeeting these processes until the oily
product begen separating. The crystslline product was identified as
metgz;,h-methxi-k»nitro-elﬁgbggtad tencate (3.0 g., 13% yield) by
quartitative and infrared sualysis, ts infrared spectrum-indicates
“he presence of nitro (6.4 microns), ester {5.8 microns), and conjugated
doudble bond (6.1 microns) groups. The 1iquié product of reaction was
not idenvified,

Anal, Celzs, for Cxcﬁlaﬁgﬁ“ C
C,

39; H; ,'039; n, }O?Qo
Found: LGy

3 B, D253 Ny 5,79

5. HIIRCLYSIS OF METAYL 4%-METHYL-L~NITRO-2;5~-BEPTADTENDATE;
5=HIDROXY =L ETOY]~L=NI|AO=2~BEPTENEDIOIC ACLD LACTONE (tentd.

Yo
k

Methyl s#-methyl-benitro-2,5-neptadiencete (0.30 g., 0.0012 moles)
was stirred in diﬁuta hydrochicric acid (2 N) at 60° for two days.
The clsar sclution was extracted with ethyl ether; the combined
ethar extracts were dried over calcium chloride. Upon partial
d1lstillation of the ether extract, successive crops of a white,
amorphous powder separated from solution. The product was teutatively
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identified aef?ehgﬁrcx"ah-mn nknnitro-9~te;;ﬁbedioLc acil lactone
{0.170 g., €5% yield); neut, eqqiv. teale,) 215 g., nsut, equiv,
{fournd) 209 ard 219. The product did not have a definite melting
point, decomposing elowly above 12C°, and rapidly ebout 160°,

Anal. (amlc. for CeHgOeN: C, 44,65; H, 4.21; N, €.51
Founds <, &4.50; H, 4.20; N, 6,34

6. REACTICR OF 1,1-DINITHOBUTANE AND METHYL PROPIOLATE; METHTL
h)&smmo-?-n?rm N ‘ ‘

Prosedure 1 - Bunzg‘trimethy ammonium hydroxide (Triiﬂn-B, 10 ml.,

25% in methanol) vas added in gmall portioua to & ecld stirred mixture

of methsi propicolats (%.36 ey O ah-mclea) in anhydrous methanol ,

(50 ml.). The soiution was slliowed to warm tc room temperature over-
night and then poured into dllute hydrochloric acid (i F) ‘The reaction
mixture was extracted with ethyl ether; the ether extract was dried over
soGium sulfate, concentrated &t reduced pressure, Tedried over calcium
chloride, and then vacuum-evaporated for one hour at a pressure of 1 mm,
The pele yellow 1liquid residue (4.3 g,) wes distilled through a molscular

8t11l to give a pale yellow liquid, methyl b, k-dinitro-2-heptenoste
(1.4 g., excessive manipalatiye loss), 1. 1.239,
’\m(g (eale.) 51.57, ?‘ff‘n {found) 52 11, The 1nframd spectrum of the

product indicated absorption for-ester (5.8 microns), conjugated dcuble.
boud (6.1 microna, weak) and gem-dinitro(6.2 micrean ‘ gTroups.

mlo -CBICO fOl' %ﬁi}ﬁﬁé‘t e iii.%, K’ 5!21; ‘s’ 12. ?
_?mndo c, 410h3’ H’, 5 1@’ N, 1134.9

Procedure 2 - A solutlon of 1,l-dinitrcbutane (14.8 g,, 0.10 mole) and
methyl propiolate (9.0 g., O. 11 moie) 1n anhydroue te ~ahydrofuran
(70~§1 ) was placed in an Erlenmeyer flask equipped wiiz a magnetic
stirrer, drying tubte and ice bath, Triton B (& ml., 35% ir methanol)
was added in szall amounts to the stirred mixture cover the coures of
one hour {Caution - The reaction mixture may fume off if the base is
addod tco rapidly). The mixture was then allowed to come to room
temperature over the course of two hours. The dark~red-solution vee
then washed antil acidic with a satursted sodium chloride eolution
conteining & few Arops of concentrated hydrochloric ascid. The
tetrehydrofursn wae removed under wvacuum; the residue was then dissolved
in ether. The ether sclution was extracted ssveral times wvith aqueous
" potassiua hydroxide (5%) and then vith hydrockleric seid {0.1 N) until
-the ether laysr was acidic. Afier the extract wes dried over calcium
chloride and vacuum distilled; there remained a slightly yellow oil,
nearly pure methyl b,k-dinitro-2-heptencate; 17.5 g., 75.5% yield,

c0
°D 1.4728, This product was then purified by molecular distillation

to give pure, nearly colo &ess nethyl u sU~dinitro-2-heptenvats,
14,68 g., 6J.3’6 yleld, of° 1.4721, 420 1,280, Mpy (cale.) 52.12,
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MRy, {found) 52.36.

Anal, Calc. for CuHyale0s: &, 41.38; B, 5.21; N, 12,07
' “Found: C, ¥1.8%; H, b.52;°N, 11.95

7. ACTICON OF METOYY L, 4.DINITROBUTYRATE AND METHYL PROPIOLATE}
METRYL &, ﬁrnIhITRO~2-HE?”EH”*;O“TE {Tent.)

Benzyltrimethyl emmonium hydroxide (Triton B, 10 ml,., 35% in
methancl) was added in porticas tc a solution of methyl propiolate
(5.5 8., 0.065 moles) arnd methyl b,k-dinitrobutyrate (9.6 g.,
€.050 moles) in methanol {£C ml.}. The reactiorn mixture was allowea to
warm to roca temparature overtight and then poursd into cold hydrochloric
8cid (1 K). The mirture was gxtracted with ethyl etherj the combined
ether sxtracts were dried over calcium chloride and distille&.
Molecular distillation of tBS yellow liquia d1azillation vesidue
(8.1 g.; 60% crude yield, n§’ 1.4672) gave wothyl B, boginitro-2-
“heptenediocate as a pele yeilow liquid (5.C g., yiela); '

70 =
oy 1.4560, af 20 1.295, MRD {cale.) 51.8h,*MRD (found) 5T.98.

8, REEUCTIJN OF 2-NT"BQ-1~BBWEHE WITH LITEIW BORCEYLRIDE;
QJVITFOBUTAKE;ERFSQE!L-J.S-BIHITROHEPQARE¥§f655—7

Procedure 1 « A polution of E-nitro—l-butene (315.2 &sy 0,15 mole) Ia
ethyl ether (25 ml.) wae added dropwise in 3 % hours to & stirred -suspension
of 1ithium borohyaride (1.72 &s» 0.CT5 mole + 5%} in ethyl ether -
(125 mi,) and tetrahydrcfuran {50 ml.).conteined -in & 500 mi,, three=
necked flask equipped with a stirrer, a dropping fipnel, a thermowater
and a drying tubs. During addition the reaction mixture was kept at -
-58 to ~70°; after addition was completed the uixture was stirred for

2.5 hours at -70°, The mixture was them acidified in ome hour at 0°
vith -urea-scetic acid aolution (75 ml.). The =mixture vas transferred
to 8 seneratory funnel and saturated with- sﬁaiﬁm.whloride; the agqueous
‘lay=r was separated-and extracted vithfgthy;~ether {160 ml.). The sther
extract was wached vith satursted sodfum Blcsrbomate solution (2 x
200 ml.) and dried over anhydrous sodium sulfate. After removal of the
podium sulfate by filtration ard removal of the solvent on & a*eam~¥ath,
distillation of the product gave: (a) 2-nitrobutane (9.17 B3 0.059
mole, 57. 3%, as & colorlese liquid, b.p. 67-70° (80 mm.), ns” 1. 4058 -
1.5098, 450 0.968; MRy (0&106 ) 26.33, Mig, (found) 26,30; 1it. 7
b.p. 1409, Jfg 0.968, 82° 1,4036, (b) 3-methyl-3,5-3initroheptane (tent.)
(C-,. g., 0 0106 MO]e; lhyf‘), oPe 72‘920 (lih m‘)’_ neg 102456!‘5 __and

(c) a brovn residue (1.4 g.)a

The structure of 2-mitrobutane was proven bty its convergion to
methyl echyl vev-ne vi e the Kef reacticn-” followed by prepuration of
methyl erayl ke'ome © l=dinitrophenylhydrezon:, m.p. 115-116, 5% The
melting point £ the uerivative wvas not devrs aed wnan mixed with an
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An infrared spectrum of the 2-nitrobutaue (a&nMc?; cell} cemaine;l
‘o strong btand Tor-the monouitro (6,4 microns). grcmp a0d 6o tands Tor
o carbonyl group (5,7 micrens), a mononitro group rttached to.zn unsaturated

carbon atom {%.5 microcs) or a carbonecarbon doubie bond:-{6.0 micronsd,

9. UCIION OF 1-NITTOFRCITRE WITH LITVTUM BORCHYPRIDE
mmwrou.m, 2. »ma‘ R L}-D,NITR\ m.nmz TTen.,,j

A sclution of l-nitropropene (15.2 g., G 1?5 mole) in ethyl ether

{25 ml.) was sdded dropwise in 3 hours to a stirred suspension of
1ithium borohydride (1.92 g., 0.788 mole) in sthyl-ether {175 ml.)
containsd -in a 50C ml.; thrse=necked flask squirped wit th & stirrer, a
dropping fungel. u thariogeter and s drymg tube. Inring addition ihe
regstion mixture was }\ent fﬁ' -70° * 19 after eddition was cmleted-

hemix"mre waz stirred. ior? hours at ~70° “The mixture: wae then
scidified in 1 hour at 0° with urea-acetic mcid solution (W0 ml.). The
mixture -ms transferrsd-to a separatory Tuanel and saturatcd vith
sodium chioride’ the ayguecue layer was séparated and extracted with
ethyl etzor (100 mi.). The combined ethor extract wes washed with
saturated -Jodium bicarbonate. mlutioa—(e.x 20C ml.) and dried over
at}hyérch farr-guifules  Af¥er: m&M th2 sodium sulfats by fLltration
,an&zoncmxran rn of che filirate on & steam bm-n, distillation gave:
(a) 1« ‘-.s“pro"m"e (7. 77 g - 5.0873 :no‘le h9. G«a) as atqlurless 1iquig,
b.D. 65-69.5°(100 wni:}, ngC 1.b0%-1. 1cls,. o 20 0.998; MRy (calcd.)

20",
21.68, Ejfi, (found) 22 }2‘ nt. b “Ps ,32 d§° 1,003, gn “1.k015,

{t) 2-gethyl-1, 3 dinitropentane. 1tent )(0.37 g.,70,0021 mole, 2.4%)
ae a yeliow 1liguid, bsp. cas 1059 (1 m.), na -1.4577 and-{c} & drown
residue (0.9 g.).

The structure of l-nifr‘c:’{,’ropane§waa ‘proven vy its comversion to
prepiona’d zhyde via the Nef 13acticn” .followed by prqperat on of
Brog:ona_ ohyds 2 2 bedinitrorhonylhyirazais; m.p. 153, 5-155.5% The

melting point of the derivative wus not (“e"reased wvhen mixed with sn
authentic sampie,

An irfrarsd spectrum of the l-nitrunpropans: {sandvich cell) contained
a- at*ong btand for the mmonitre (6.4 nxic;ous} group end no hands Tor &
carbonyl -g2oup (5.7 microns), & mononitro group attached to an
unsdeturated carbon atoam (6.5 microns) or a sarbon-carbon double bond
(6.0 microms),

Procedvrs 2 - Ths experiment was-conducted ae above except O, 86 g. s

£,0375 mole of Ilthiunm borohydrids wves used. Distillation of the product
ve: (&) 2-uivicilebutens {3.60 g, 0.0356m.237%) and 2-nitrcbutane

(6 03 g.. 0,05%% —-zo‘e, }2%-} az 8 mixture {analyzed by refractive index),
BeD. 53-;00 (82783 me.), (b) crude 3-methyl-3,5-dinitroheptone (tent,)

(1.1 &8s 0 00&.;’;..0107 9. f‘%)) «Ds 55'920 {133 m-)} ﬂ% 1*“'&25: and
(¢) & brova reuidue (L 8 8e)e
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Procedure 3 - The experiment was conductsd ss above (Procedure 3}
except the Z-nitro-i-butens soluticn wasz edded to lithium borthﬁride
(0.86 g., 0.0375 cdle) in 1.5 hours, During addition the amixture was
kspt at -1 to + °' after addidicn wee conpleted the gixture was stirred
for 1 heur st G . Distillation ol the product gave; (s} 2-nitro-l-
outene {3.07 o, G.030k mole, 20,3%; and Z-nitrobutene (2,50 g.;
0,024% pole, 1A.2%) as a mixture (analysie by refractive indexl, b.p.
£0-70° (80 mm.), (1) Somefhqug,S-dinitrcheptane (tent.) {(3.49 g.,
0.171 mole, 22.8%), b.p. S6-98° (1.% mm.), 0gC 1.45%%,ard {c) a trown
reaidue (2.4 g.). .

P*oc#ﬁure h - The experiment was conducted as above {Frocedure 1)

except the 2<nitro-l-butene solution vas added to ths lithium berchydride
(0.86 8., 3.0375 mole). in 50 minutes, During addition the rescticn e

mixture was kept st =50 to -55°‘ after adlition was completed the mizture

wae etirred for 15 min. at =559, The combined ether extract wae aleo

washead with saturated sodium bisulfits solutien {3 x 200 ml., 5 minutes.

“with each portica). Distiliation of the product gave: (a) 2-nitroel- -

butene {0.78 ges O .0077 mole, 5,13%) and 2-nitrcbutans (3.72 g.,

0,0351 molt, 24%) ae o mixture (analysis by refractive 1ndex b.p.
63.70° (B0 ma.), (v) 3-methyl-3,5-dinitrcheptane {tent.) Bé Sey

0,00472 mole, 5.76%), b.p. 89-91,5° (1.2 mr.), ng 1; h50, and {c)

aAblgﬁk resiﬁue (0.5 g.ji'

1C. EE%%CQLQﬁ OF CMEGA-NITRCSTYRENE WITH LLTHIUM BORCHYDRIDE}
~1-HITROETHANE ,

A solution of omega-nitrostyrens{14,5 g., 0.1 mole) iu ethyl ether

(75 ml,) and tetrahydrofuran (25 =1.) was added dropwise in 3 hours to
a stirred puspension of lithium borchydride (1.1 g., 0.05 mole) in
ethyl ether (125 ml,) ond tetrahydrofuran {50 ml.,) contained in a
500 ml,, round-bottomed, throe-tecked flesk equipped with a stirrer, a
¢ropping funnel, a thermometer, and s dryitg tube, During addition the
reaction mixture was kept at «7C - to ~72°; after addition was completed
the mixturs wee wvarmed to -159; suddenly the temperature rose to +180
and the mixture turoed from an opaque yellow to a white color. The
sixture was then cocled to O° and acidified in °%5 minutes at 0° with
urea~acetic acid sclution (S0 ml.). The mixture was transferred to a
separatory funnel and saturated with sodium chlorids =; the agueocus layer
was separated and extracted with ethyl ether (100 ml.). The combined

ether extract wes wvashed with saturated sodium bicarbonate sclution
(2 200 m1,.) and dried over amhydrous scdiux sulfete. After remcval
of the scdium sulfate by fiitration ard concentration of the filtrate
on a steam bath, distillation gave: (a) 2-phenylel-nitroethane (8,36 g.
0,0553 mole, 55.3%) es & celorless liquid, b.p. 80-85,5% (C.8 - s.2 mm-s

H%Q 1,5291 - 1,5296; redistiliation of this fraction gives verg
Q-Rhﬁnyl-l-nitroethans in slightly lower yield, b.p. 68.5-70.8° (0. h =, ),
1.5290-1,5296, 450 1.1225; (calcd ) 41,37, MRy (found) 41, 325

41-..93 bep. 126-135° ?114 m.); 11t.7° b.p, 269-251° (763 mm, ) 1lit,
125-135° (1 mm.}, and (b) & yellow residue (5,7 g.) which will be investi-
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The structure of ?spbénv;-l~n1troethaqg was proven by itz conversion
to phenylscetsldehyde via the Nef reaction - followed by preparation
of phenylacetaldehyde ?,k-d1n1trcphcny;hydrazone, C.F. 123.5-12L,.5°.
The“ﬁglting point of the derivative was nct deprassed when mixed with
an authoatic sample.

At infrared spectrum of the 2-phenyl-l-nitroethane (sandwich cell)
contained strong bands for the mononitro (6.4 microns) group ard a
mono-gubetituted benzene ring {13.3 and 14.35 microns).

11, EEDICTICN OF 2-NTTRC-1-BUTENE WITH SODIM TRIMETHDXYBORCHYDRIDE;
?-NITPGS?RAHE {

Procedure 1 - A sclution of 2-nitrcel-butene (15.2 g., 6.15 mole) in
ethyl ether (2% ml.) was added dropwiss in 70 zinutes tc 8 stirred
auapensicn of scdium trimethoxyborohyiride (28 8 g., 2.15 mcle plue
S0% excese) fn ethyl ether (125 ml.) and tetrahydrofuranm {50 ml.)
contained in a 500 ml., three-necked flask equippad with a stirrer,
& dropping fusnel, a thermorster and a drying tube. During sddition
the reaction mixture was kept at -50 to -659; after additiom wvas completed,
the mixture was stirred for 30 minutes at -65°. The mixture was then
acidified in cne hour at 0° with urea-acetic acid sclution (100 ml.).
The mixture was trensferred to a separatory funnsl and saturated with
sodium chloride; the aquecus layer was separsted and extracted with
ethyl ether (100 ml.). The combined ether extract was wushed with saturated
sodium bicarbonate solution (2 x 200 ml.) ard dried over anhydrous sodium
sulfate, After removal of the sodium sulfate by”riluraticn»aud evaporation
of the solvent on a steam bath, distillation of the product gave:
(a‘ 2-nitrohutane (5.95 g., 00675 moie, hg ) as a colorless liquid,

b.p. 60-70° (80 mm.), o~ 1.4048-1,4050 0.9652; MRp (caled.) 26.33,
MRp (found) 26.19; 11t.7 b.p, 140°, 453 0.968, up 1.4036, end (b)
3-methyl-3,5-dinitroheptane (5,34 g., 0.0262 mole, 35%), b.p. 86-90°

(0.5 mm.}, ng0 1 ,4568-1,L577; redistiliation of this fraction gives
very pure 3—methy1~ §-d1nitroheptane in slightly lower yieid, b.p.
92-94¢ (0.6 mm.}, vE0 1,4582, and (¢) a resiue (1. ,3 8.)« The 3-methyl-
3,5-dinitrcheptane was analyzed, .

Acother sample will be enalyzed,
The structure of 2-nitrobutane wes groven by its conversion to
mathyl ethyl ketone via the Nef reaction” folluwed by preparation of

methyl sthyl ketome 2,h-dinitrophsuylhydrezone, m.p. 113.5-114°, The
melting point of the derivetive was not depressed when mixed with an

" " CONFIDENTIAL
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_A derivative of 3-mothyle3,5-dinitrohcptane was preparsd by
ite converaion tc¢ J-methyl-3-nitro-S-heptanone vis the Nef resction
followed by preparation of 3-methyl-2~-nitro=-S5-heptancne ¢,L-dinitro-
phenylhydrazone, .8, 131,5-132,5°, -

Anal., Calcd, for C;¢HyelaOs: C, 47.59; H, S.42; N, 15.82.
Found: C, 47,48; H, 5.29; N, 19.55.

Au infrared spectrum of the 2-nitrobutane {ssndwich cell) coutainasd
cily & strong baund for a mouotitro group (4.4 microus). An infrarsd
svectrum of the 3-methyl-3,5-dinitrcheptane coaotained a strong band
for a mononitre group (6.4 wmiorons) and u very weak daund for a

carbonyl greiap (5.8 micronms).

Procedure 2 - The experiment was conducted ae abovae except 2-uitro=-
1-butena (12.1 g., 0,12 mole) was added to sndium trimethoxyborchydride
(16.5 g., 9.12 mole + 10%) in TO minutes at =55 to =560% after addition
was commleted the mixture was stirred for 3C zinutes at -60°%; The
ether extract was also washed with saturated sodium bisuifits sclutiom
'-§3 x 150 ml.). Distillation of the product gave: {a) 2-nitrobutane

3.67 845 0.0357 mole, 29.7%) as & colcrless liquid, b.p. 44620

(60 mm.), v50 1.4047-1.4055, (b} B-methyl-3,5-ainitreneptame (5.65 g.;
0.0277 mole, 46.2%) as a yellow 1iquid, b,p. 99-100° (1 mm.), uf0 1.4559.
1.4580, and (c) a residue (1.1 g.).

Procedure 5 - The experiment was conducted as previcusly (Procedure 1)
axcept the 2-nitro-l-butene was added-dropwise ip 1,5 hours to scdium
trissthoxyborohydride (21.1 g., 0.15 mole + 1i% excers). During
eddition the reaction mixture was kept at -1 to -2% aftex addition wis
completed the mixture was stirred for 1.5 hours at 0°, The ether
extract was also vashed with sodium bisulfite solution (3 x 150 ml,),
Distillation of the product gave: (a) 2-nitrobutane (1.k2 g., 0.0138
mole, 9.2%) as a pale yellow liquid, b.p. 45 53°-(50 mm.),

n2? 1,4048-1.4063, (b) 3-methyl-3,5-dinitroheptens (0.77 g.,

0.00377 mole, 5.03%) as an amber liquid, b.p. 40-56° (0.6 mm,),

n;‘;o 1.4570 and (c) a residue (10.41 g.).

12, REDUCTION OF 1-NTFAOPROPENE WITE SODIUM TRIMCTHOXYBORCHYIRIDE;
- I-NITROPROPANE, O-METH{L~1, S-DINITROPENTANE (Tent.).

A solution of lenitropropene {15.,2 g., 0.175 mole) in ethyl ether
{25 ml1,) was added dropwise in 7O minutee to a stirred suspension of
sodium trimethoxyborohydride (33.58 g.; 0.175 mole + 50% excess) in
ethyl ether (150 wl.) &ud tetrahydrofuran {50 ml.). During addition
the reaction miztuve was kept at -70° ¥ 1% after additior vas completed
the mixture was stirred for 30 minutes ot -T2, The mixture was then
acidified in 1 hour at 0° with urea-scetic acid sclution (100 ml,).
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The mixture was saturated with sodiupm chloride, the squecus layer was
separatad and extracted with ethyl ether (100 ml.). The combined
ether extract waa washed with saturated eod_um bicarbonate svlution
{2 x 20C ml.} snd dried over anhydrous scdium sulfete, After removal
cf the sodiur sulfate Yy filtration, diztillatior gave, after removel of
ether (a) l-nitropropane {12.73 8., G.143 mole, 81 Z%S as a colorless
uqum, «P. 40-720 (100 mm.), ngl 1. hoc>-184oL6 d £§ 1.000%;

NBp (celed.) 21.68, MRy (founal 21.96; 1lit. b.p. 132°, ﬁzg 1,003,
op 1.4015, (v) 2-metn¢Lct,;-diﬁitropentane (tent.)(1, gg g., 0.00994 mole,
11.4%) as a yellow 1liquid, b,p. 105-108,5° (2 m.), 4563, and {c)
residue (0.9 g.).

The piructure of lenitropropane was proven by its conversion to
propionaldehyde via the Nef reaction > followed by prenaration of
propioualdehyde 2,B-dinitrophenyl&ydrazone, m.p. 153-i55%, The welting
point of the derivative was no: depressed when mixed with an'autﬁentic
sample,

An iofrared spectrum of the l-nitropropane (sandwich cell) coutained
a strong band for the mononitro (6.4 microns) group aud no bands for
a carbosyl group (3.7 microns), a moniniiro group attached “~ an un~
saturated carbon atom (6.5 miﬁrons) or & carbon-carbon doubls. oo
(6.0 microus),

13. REDUCTION OF 2-NITRO-2-3UTENE WITH SODITM TRIMETHOXYBCROHYDRITE;
2-NITROBUTANE, 3,1.DIMETEYL~2,I-DINITROREXANE (Tent.).

Procedure 1 ~ A sciuticu of 2-nitro-~2-butene (15.2 g., 0.15 mole) in
ethyl ether (25 m1,) was added dropwise in 65 minutes to a stirred
suspension of sodium trimethoxyborohydride (28 8 g+, 0.15 mole, + 50%
excess) 1n ethyl ether {150 =1.) and tecrahydrofuran (50 m1.). During
addition the reaction mixture was kept at -70%; after addition was
completed the mixture was stirred for 35 minutes at -70°, The mixture
was then warmed to ca, a20°' sd&denly a grey precipitate seperated and
the temperature rose to ca. + 20°, The mixture was cooled to 0° and
acidified {n 1.5 hcurs at ’°‘vith urea-acetic acid solution {100 ml.).
The mixture was transferrsd to a separstory funnel and satureied with
sodium crloride; the aqueocus layer ves separated and sxtrscted with
sthyl ether (100 #1.), The combined ether sxtract was veshed with
 satureted zodium bicarbonats smeiution {2 x 200 ml.) and 4ried over
anhydrous wvodium sulfate., The solium sulfate was removed by filtration;
distilliation gave: (a) 2-nitrobutane (9 L9 o 0.39% mole, 62, 6¢) 88
@ coiorless 1liquid, b.p., T0-73° {80 mm.), ng0 1 Lo38-1, #05T, 520 0.967h3

MRy (calcd.) 26.33, MRp (found) 26.13; 1it. ! b.p. 1k0°, a8 0,968,
uD 1.40%6, (b) 3,4-dimethyl-2,4-diuitrohsxane (tent.) {1.74 g.,
0.0085 mole, 11. ﬁ%) as a green liquid, b.p. 111-112° (1.3 mm,),

ngo 1,k642-1,4647, and (c) a residue (0.8 g.).
~ CONFIDENTIAL
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The atructurs of 2~rifrcbutane %as proven by its conversion to
methyl ethyl ketone via the Nef reaction’ followed by prem'a;tion of
methyl sthyl ketone 2,h-dinitrsphenylhydrazone, m.p. 115-116.5%. The
meiting peint of the derivative was not depressed when mized with an
asuthentic sample.

_ An infrared spectrum of the £-nitrcbutane (sandwich cell) contelned
a gtrong band for the mononitrc (6.4 microns) group and nc tands for
a carbonyl group (5.7 microns) , 8 moninitro group attached to an
unsaturated carbton atom (6.5 microns) or a cerbon-carbon double -bond
(6.0 wmicrons).

Proceodurs 2 -~ The experiment was counducted a8 previously excert the
sodiup trimethoxyborohydride waa-suepended in 200 ml. of ethyl ether.
The esme rapld riss in tempsrature wvss noted when ths resction mixture
waS- gamezi to. -%0°, Distillation of the product g&\'ﬁt (a) Senitro-2-
tutene (3.19 g7 0;0%15 mole, 214} and 2-unitrobutane {9.72 2., G, 0082
mcle, 62.8%) as 8 mixture (analysis by refractive iadex), b.p. 72,5-
782 (80 mm, ), snd (b) a residue (0.5 &.).

‘Procedurs 3 - The experiment was cornducted as previously {Procedure 1)
ezcept the Mf:um trimethoxyborchydride wvas suspended in 200 ml. of
@thyl sther. The olefin was added iz T minutes and after adéition
vas Scapleted the nixture wes stivred for 125 minutes. The same rapid
temperat:wre rise was noted vhen-the reaciion mixture vas warmed to
-300, - Dirtilletion of the p’rodu gave: {a} 2.sitro-2-butene (2 53 By
0,0251 moler; 36.7%) erd 2-nitrobutane (9,56 g., 0.0928 mele, 4195;}453
a mixture {analveis by refractive index), b.p, 72-80° (80 mm.), end

{b) a residue (0.6 g)).

1%, REL’AC'PION OF QMEZA-RITROSTYREUE WITH SCDIGY TRIMETIOXTBOROHYDRIDE,.

A solution of omege-uitrostyrens {(14:9 g., 0.1 mole} in ether
(75 m1.) was added- dropsim in 1.5 liours to-a stirred suspensien of
sccium wmethmr =~vdrids {1k 1 g,, 0.1 mols + 10F excers) in ethyl
etorr (125 #1,) and tstrahyacofursa (50 zl.). During addition the
“Teastion mixture was kapt at -2 to -3Yp cfter edditici was completed the
mixture 4o stirre& for 1.5 hours at 0° . The rixture vas then acidified
in cre prur 8t 00 with urem.-acetic acid solution (60 ml.,.» The eths?
phase-criitnined a white solid., The mirture wis saturatsd with Bodium
chicride; the aqueous layer was separtied and extracted with etbyl
ethor (102 ml.) The white sclid was Tiltered from the combined ether
extract and air dried to conztant weight (13.2 g.); the fiitrate vaa
washed wiih eavurated sodium bicarionete sclution (2 x 200 ml,) auﬁ
saturated aodiin bisuiffte sciutisn {3 x 150 nl.). The etner laye
ws dried over anhvdrous sodinm -sulfate and then evaporated; no reaidue
wa8 obtained.

The following teste were made on thz white solfd isolated frocm
the reduction reaction:

CONFILE E\iTiAL
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{1) The white z01id (1 g.) was refluxsd for 2 hours with 1:l
hydrochloric acid (20 ml.); the solid wse recovered unchanged.

e (2} A mixture of potaseium hydroxide (2 g.) and the reduction
product (1 g.) 1m ethyl slcohol (25 ml.) and water (25 ml.) was heated
on a steam buth for 5 mirutes. The white sclid dissoived producing a
dark red sclutiocn; a smsil amount of charred material settled from

solution, Half of the soluticn was acidified at 0° <rith ures-acetic
acid soluticn and then extracted with ethyl ether {50 wli). No residue
was obtained upon evaporstion of the ether extract. The second half of
the basic solutiou was dropped siowly st 0 into 50% sulfuric acid
{excesn) {Nef reaction” ), Thie solution was traated with 2,lk-dinitro-
- phenylhydrazine solution; however, no derivative precipitated,

(3) An infrarsd spectrum of the white solid in Nujol contained
strcog tends for & mononitrc group (6.k4 minrons) and a mono-substituted
benzené ring (13.6 and 14,35 microus).

{4) The product was inscluble inm the following solvents at their
bolling pointe: sther, Skellysoives, benzene, methanol, ethanol, water,
carben tetrachioride, chloroform, acetome and acetic acid,

(5) The white solid (0.75 g.) was aissolved in hot agueous sodium
hydroxide {0,025 gram in 5 ml.), The red solution was cooied and added
dropwise to ajueous sodium permanganate-3H0 (1.4 g. 1o 25 ml.). 'The
mixture wvas heated on a steam bath until most cf the permangaznate
color was gote, The mixiuie was then cocled in ice and made strongly
acid; '-gnganese dioxide was .dissolved by adding sodium bisulfite
(so1id). (liote: Simce sodium bisulfite is basic, sufficient acid must
be pressat to gensrate -COOH from -C0O0- iom). The white solid present
was contaminated wita charred material, The mixture was filtered and
the solid was dissolved in sodium hydroxide solution, filtered from
charred material, and reprecipitated by adding diilute WFdrochloric
acid, . The solid, benzoic acid, was filtered and recrystallized from hot
water, m.p. 118-120°, No depression in melting point was observed
when +hs oxidized product was mixed with an suthentic eample of benzoic
acid.

(6) The white solid was apalyzed: Amal: C, 64,05, 64,21;
B, 4,94, 5,01: N, 9,28, 9.2k, The product from a condenmsation of
omege=-nitrostyrene with 2-phenyl-l-nitroethane , 2,L-diphenyl-1,3~
dinitrobutane has the following analysis: C, 63.99; H, 5.37; N, 9.33.

15. Q}IDATTVEaNIERATION OF 2-NITRO-1-PROPANOL. 3, 3~-DINITRO-~1-FROPANOL.

(a) 3-Nitro-l-propanol. -Silver nitrite {78 g., C.51 mcle) was
introduced into a 500 ml, round-bottomed flask equipped with 2 coundeunser,
a stirrer and a dropping fummel. The flask was cooled to Q© and trimethyi-

L5

ene bromohydrin (66 g., 0.48 mole, b.p. 60-65° (5 mm.), ng” 1.48k2,
ar” 1.5777. Columbia Organic Chemicals) was added dropwise in the course
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of one hour with continuous stirring. The stirring at 0° van contimad
for & hours, after which the xixture wae brovgnt to room temperature

and left overnight. The reaction mixture wes warmed geutly {50°) for

L hourgs (higher temperature resultad in evslution. of brown fumes=). Ethyl
ather (107 =m1.) was then added; the incolills silver bromide vas filtered
and wasnad rerentedly with etner, Tistiliation of the flltirate anwe:
voirtile Fraction 1, 3.0 g., b.p. 56=65° (2 mm.), 5 142323

Frection 26 3.5 g+p b.p, 65-80° (zrsm.)7 23 1.4285; Fraction 3, 12.9 g.,
b.p. 80-85° (2 m.s, n55 1.4378, &g 1,1828; 1it.1_ b.p. 136-1L0°-

(32 mm.), €7 1,773. Additional low boiling material (4 g.) was
coadensed in the trap; higher boiling product (3 g.) remained in the pot.

Crude 3-nitro-l-propanol (fraction 3, b.p. 80-85° (2 mm.),
n§§ 1.4378, aﬁ? 1.1828) was rectified in & helix~packed column (1.5 x 13-cm.)
to give e product of b.p. 82-84° (3 mm.), 035 15503,

{b} 3,3-Dinitrc-l-propanocl, 3-Nitro-l-propancl {6.73 z,, 0.045 mcle,
b.p. 89;8h3£13 mm. ), 1.5L05) in methanol (50 ml.) was slowly mixed
with aqueous sodium ;Eﬁg_iﬁe (2.0 g., 0.050 mole in 70 ml. of water);

the solution was =mllowed to stand-for 20 mirutee at teaxperatiyss Delow
15°, Sodium nitrite (3.5 g., 0.05 mole, 97% assay} was sdded ‘and the
mixture was cooled in an ice baih aad poured into stirred silver rnitrate
{15.% g., 0.90 mole) in water (35 ml.) and ether (50 ml.) at 5%, ~After

20 minutes the cooling bath wes removed; brine (5 ml.) w28 added, and the
mizture was filtered by suction. The silver deposit wae washed freely
with ether; the filtrate was ceparated and the agquecus l:yer wes extracted
vith ether. The combined ether extract was washed with saturated sodium
chloride and water, Distillation of the dried filtrate gave 3,Z-dinitro-
l-propanol boiling at 105-106° (1.5 mm.), n” 1,4590. The infrared
spectrogram of 3,3-dinitro-l-propanol (sandvich cell) indicated absorption
at 3,0 microns (OH group) and strong etsorption at 6,3 microns end
medium-strong absorption at 7.5 microns in sgreement witk values observed
for other gem dinitrocompounds.

Potassium 3,3-dinitro-l-propanol (G.B5 g., 83.9% thecry) was obteined
as & yellow salt by treating 3,3-dinitroel-propavol (0.710 g.; 0.00675
mole) in methenol with methanolic potassium hydroxide and washing the
filtered product several times with methanol. The sslt, after recryetalli-
‘zation from hot water, melted at 156-1&2° {explosion),

The solubility of potassium 3,3-dinitro-l-propanol at 25 # 0,01°
in water wvas found to be 1 part in 6,62,

Silver 3,5—d1n1tr¢-1—propanol wag obtained ns a water insoluble

yellow 80lid on mixing aqueous silver nitrate and an squeous soluticn of
potassium 3,3-dinitro-l-propanol, m.p. 14G-155°,
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16, REACTION OF SITVER 1,}-DINITROETEANE WITH METHYY, TODIDE IN
ACFTONITRIIE, 2,2-DINITROPROPANE.

Silver 1,l-dinitroethane (45.4 g., 0.20 mole; dried in vacuum
@esiccator at C.5 am. for 2 hours) was dissclved ia sohydrcus aceto-
pitrile (200 ml.; heat of solution was detected) in & dry flssk which had
teen flushed with nitrogen., The sglightly murky, amber solutlon was
cooled in an ice-weter mixture and stirred while methyl ieodids (35.0 g.,
0.248 mole; 24% excess) was added dropwise (30 min,). A grey-white
precinitate (silver iodide) was formed during the addition.. The mixture
vas then stirred a% 0-15° for 3 hours. The eilver iodide was Tiltered
and then thorocughly washed with ether, Ths recovery of Gried silver
iodide was practicelly quantilaiive {46.0 g, recovered; theoreticel
yield, 46.8 g.); Traces of silver iodide settled from the filtrate when
ether was added; the yellow filtrate was flltered throuzh a sintered-
glass funnel, )

The filtrate was svaporated under reduced pressurs, . A light-red
epidus remained which weighed 23.% g+ The product was seperated irte

1

b

mantral and acidics froctions by the following procedure: The residue
was dissolved in ether and +sashed with dilute sodium thiosuifate solutien
+to remove the trace cf lodine present. The yellow sclution was then '
extracted with 1,2 N sodium hydroxide (ca, 0.20 mole); the orange
equeous layer was imisdiately scidified by pouring into excess pulfuric
acid solution {(ca. 0.25 aole) covercd with a layer of ether., The amber

scidic sxtract vas dried with celcium chloride and saved,

!

The neutral (ether) solutiou was dried over calcium chloride,
The zolution was then fiitered through calcium chloride; the sait
residue was washed “hceroughly with ether., Ether was distilled from the
filtrate at a reflux ratic of ca. 3:1. The last traces of solvent were
reroved by passing & stream of dry air over the surface of the solution
until ether fumes could nst lLe detected, The viscous yellow coil

remaluing weighed 13.87 g. (51.7% cruds yield of 2,2-3initropropane).

A 20% aliquot portion of thc product (2.775-%.) wes chromatographed
on & 32 x 180 mm, coiumn of magnesol-Celite (5:1} in an effort to separate
2,2~-dinitropropane from its impurities. The sample was dissolved in
Skellysolve F {100 ml.); & yellow, insoluble residue weighing 0.195 g.
remained (thus 2.580 ., of soluble materini, essentially all 2,2-dinitro-
propane, was present). The solution wes placed on the chromatographic
column {previcusly wet with Skellysolve F); tha adsoroate was eluted
with Skeliysolve ¥ (1200 ml.), The solvent wes removad by fractionation;
a coloriess, oily residue remsined@ which selidified to & white £0lid upon
being chilled. On being warmed to %20, the aclid melted. The oil was
vacuum sublimed to give white, crystalline 2,2-dinitroprorane {1.07 o3
38.6% of the aliquot; 19.6% overall yleld). Considerable loss of
material resulted in the chromatographic and sublimation processes,
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_Tue remaining oil {13:87 g. - 2.775 &. = 11,095 g.)} was dissolved
ic Skelliysolve F (250 &l.) to remove the yellow, gummy, insclubdle
meterial (0,65 g, of-4ar recovercid). Tue svivent wes removed by dise
tillation, the residual oil solidificd on refrigeration, but melted~mn
warming ¢2 rcom temperature (34°), Upor vacuum sublimetion the oil
gave white, waxy 2,2-dinitropropene (8.24 £ 74.3% of the aliquot;

28,4% oversll yield), melting range 47-51°,

23

The acidic extract was filtered through calcium chloride., The
aolvent was removed a4 raduced preqeure to give a residual cii weighiug
%.2-g. Ko solid precipitated (Nef ™ reported that ethylnitrolic acid
separated as 8 solid from the scidic iracticn st this point). The
residue was dissolved in methaunol and added ‘micwly at 0-18% to excess
methanoiig potassium hydroxide. A bright yglica—salt, veighing 3.90 g.,
,recipitateﬁ vhich 1s essertially pure potassium },l~dinitroethane and
represents s recovery of 12, 3%.

17. EEACTION OF SILVER l,lmDINITROETHANE WITH ALLYL EROMIDE, 4 h-
. DIRITRO-1-PENTENE,

Frocedure A: Silver 1,l-dinitroethane. (45,4 g., 0.2 mole) was
d1issslived in anhydrous acetonitrile (25 mi,)} st 0-10". Allyl brczide
(27.0 g., 0.22 mole) was added dropwiss (1 hour) at O% to the stirred,
orange-amber acetonitrile solution,. A brownish-grey precipitate (silver
bremide, contaminsted by silver oxide sud/or other impurities} formed
rapidly. After the mixture hadibeen etirred at rooz temperature for
k8 hours, the silver bromids was £iltered, The precipitate was thoroughly
washed with aceionitrile and ether (the weight of silver bromide vas
not determived), The filtrates vere combined and evaporated at reduced
pressure. The residue waes separated into acidic and neutral fractions
as proviously descrived (Experiment 163} The neutral fraction wes
vacuum &istilled to give a greenish oil at 65672 (4.3 om.); nx%. 1.45k1;
yield, 7.06 g. (22%). This oil slowly decolorized (a) a solutlou of
tromice in carbon tetrachloride and (b) a solution of lithium permanganate,
indicating the presence of a carben-carbon docuble bond, The compound was
nct affected by aguscus scdium hydroxide, Infrared spectra of the crude
and redistilled oil confirm the preesence of a gen-dinitro group
(abscrption bends at 6.3, 7.5 and 11,8 mu'e) and a carbon-carbon doudble
bond (bands &t 5.3 - weak , 6,0 = medium , 10.0 = strong and 10.7 microns
~strong ; the latter two bands indicate that the compound hes a termiral
double bond). Additionai physical data {molsr refraction and element
-analysis) establish the product aes 4,%-dinitro-l-pentene.

The o1l was redistiiled; b.p. 74-75" (6.2 mm,); 20 1.4535;

20 :
450 1.208; MRy (calcd.) 3€.39; MRy (found) 35,84, L,4-Dinitrc-l-pentene
is a water-white, slightly viscous oil possessing a distinct
caaphoraceous odor.

Ansl, Calcd, for CsHgKz04: C, 37.50; H 17,50,

Found: C, 37.6&‘, 3{-69’ H, ﬂ' 85, hoag;
N, 17.30, 17.k2,
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Procedure B: To wilwer 1,1-dinitrcethane {45.4 g., 0.20 mols) inm
anhydrous acetonitrile {600 m-;) was added - allyl Lromide (26.0 g.,
0.21 mole, ir 100 ml, acetoniirile) at -4%0°, The reaction mixture
ves-pale-yellow befors cnd efter tho addition. Stirring at -30 to -10°
was continued for 21 hiours., Oz warming the mixture to room temperature,
the salt turned dark brown and the solution wes red. The mixture was
then refluxed; 30 ml. of distillate (b.p. 70-75°) was ccllected im au
effort to determine if any acrolein was formed in the reaction. A
negﬂtive 2,h-dinitrophenylhyirazine test was obtained., The mixture was
cooled and filtered; sjlver bromide {35.€ g.; itheoreticel quentity is
37.5°g,) was recovared, Thg—ﬂsual solvent removal and separation of
scidic and uentral fractions procedure was employed. The ueutral
fraction, on-distillation, gave k,4-dinitro-l-pentene (7.25 g., 22,73 yiald).

‘Procedure Ui Allyl bromide (27.0 g.; £:22 mole) in anhyirous
scesonitril (100 ml,) wes added to-a stirred polution of eilver
1,1-dinitroéthans (45.4:g., C.20 mole) in ecetonitrile (500 wl.; this
gelution was filtered before use) st 955-60°during 1.5 hours. Ou stirr1ng
and heating the mixture at €0°, oxides of nitrogen were svolved.
diztillete was cbtained under these éonﬁitiﬁna; thus acrolein vas not
Formed-at-this stogei /‘*unrneatina the mixture for thres hours it was
Tcco¥ed and filtered to yield silver bromide (quantitative recovery) and
& wine-colored filtrate.. Acetouitrile was removed at reduced pressure;j
on additicn of ether to the residue, a tar (1.8 g.) separated. The
ether solution waes extracted with.1C5 ml, of 2 N sodinm hydroxide. The
ether fraction vas’iistiiléa‘at xaduc&d_ppﬂssure to wield Y4,L-dinitro-
1-peatene (2.637¢.; 5,07 yield), b.p. 58-76° (4,5 mn,).

Procedure D: The same propsiiions of reagents and the same
temperatuve conaitions aa'reported in Proceduro & weras empioyed., The
ordsr of addition, hovever, wes reversed, the silver 1,1-dinitroethane
solution being edded to ths.szlyi,bromide solution during 21 hours.

After. heing—etirred*at Toom temperature fcr another 2 hours, the

mixture vas filtered; 36.5 g, of powdery, dark silver bromide (theoretical
Tecovery, 37.6 g. )-was*obtained. The 1e~]a ion proczuure p*nvicnﬂﬁv
described wus empicrod, and 6.19 g. of 4,i- dinitro-l-pentene {25. 6%

¥ield) was obtaipnad. The diatil;ation residue weighed 1.91 g.

Procedure E: The same propor*icns of reagents and the same
temperatur> conditions as reported in Procedure A were employed, Inetead
of using acetonitrile as solvent, howsver, heterogeneoua conditions using
ethyl ether as diluent were employed. Upon warming and atirring at
room temperature (26°)$ tne reaction mixture evolved heat (temperature
-inereasad slowly to 31%; temperature maintained at 20~30° by external
cooling). After stirripng the reaction mixture for 18 hours, the silver
bromide was Tiltered., The filtrate was subjected to vaiuusa distillation
without prior washing with base. The first fraction distilled at 54-60°
(2.5-%.5 mm.) and@ the second fraction at $5-105° (1.3-4 mm,). Violent
decomposition of the residue near the end of the distillation completely
destroyed the apparatus. None of the distillcd material coulid be
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18. THE REACTION OF 3-BROMO-1,1-DINTTRORTNANE WITH PIFYRIDINE.

(a) Preparation of 1-Bromo-1,l-dinitroethana: i.i-Dinitroethanse
(42.% g., G.35 mrle! was added dropwise to a stirred sotuaticn of sodium
hydroxlde ifu water (14.6 g., G.36 mole, in 300 ml. of water) at S°.

To the cold, aqueous solution of scldiuvm 1.3-dinitroethane wnas added
(drcpwise; one hour) bromine (58 g., ca. 0.36 mole); a ysliow oil
sevarated during the addition, The crude reaction mixture was stesm
dietilled; this did not completely purify the product hecauss bromine
(excess) also co~distill?n. The conteminating bromine was removed by
washing the product wits a dilute solutiou of scdium thiosulfate, The
aqueous materisl was eztrac*ed with methylene chloride.  The combined
organic fractions were dried with calcium chloride; the soivent was then
removed at reduced pressure. The yellow, lachrymatory l-bromo-l,l-.
dinitroethane remaining weighed 62 T g. (85.3% yield). A portion of
this materisl (25.7 g.) was vacuum distilled; L~bromo-1,1-din26roethane
wvas obtained as a co‘or%gss oil, .p. %9-500 {h,7-4.8 mm.); 1.4752~
1.4763 {4 fractions); 4 1.£31; MRy (calcd. ) 30. hl, MEp) (found) 30.64,
The recovery was 24,3 g5 (9h %% of charge; 84.2% overalil yield) The
bromins content wvas deterinlioad by reaciiou with pctassium iodide and

by titration of the libverated iodine with etandard sodium thiosulfate.

Ansl, Calcd., for CoHaNzOEr: Br, L0,16. Found: B., 37.32 (20 min.),
37, 29 (20 min.), 37.39 (30 min.), 37.81 (30 min.), 38,40 (90 min.), '
38,68 (3.5 nours). '

Time in parentheaes refers to time of shaking with potassium
 1odide before titration.

(b} Roaction with Piperidine:; Piperidine (1,.0 g., 0.20-mole)
was dissolved in ethyl ether \60 ml.) and cooled in an 1ce-water mixture.
1-Bromo-1,1-dinitroathane (19.9 g., 0.10 mole) in ether {70 zl.) was
sdded dropwise {40 min.) to the stirred pireridine aoluticn. The
solution immediately turned y=ilow and e yallow. cryst2llins solid soon
precipitated,- -The precipitate was filtersd; washed with several
porticne of anhydrous ether and sucked dry. Esseutially pure
piperidinium 1,1-dinitroethans (1%.2 g., 64.%F yield) vas recovered,
m.p. 111-113°, Two recrystaliizations (from ethanol) raised the
m.p. to 115 +13U4° ; authentic piperidinium 1,1l-dinitroeihane melte at
114,5-115.5% mixed m.p. 113.%-11L4.5°, The ultraviolet spectrum of
the authentic salt exhibited & maximum at 381-282 mpy (Epax 1.658,
1.640); the salt frecm reaction of l-bromo-1,1-d3 nitroethane and
piperidine had an absorption meximum at 381-382 =g (Zp0 1.635, 1.632);
the overall spectra were identical.

The filtrate, on storage overnight, vielded s second crystalline
mass containing an ether-inscluble red oil. The product was purified
by adding absolute ethenol, heating on the steam bath to remove other
and to dissolve the oil and salt, and then cooling in a refrigerstor
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for ssversl days. The crystais ohta.iod were filtered, washed with
ethenol-sther and ether, and drivd. The product was identified as

~ piperidiniua bromide (8,3 & Bes 50% of the theoretical yield), off-white
neslive; ».p. 240.5-241,5%, Fvaporation of the filtrate neariy to
dryness followed by addition of ether (then ethanol until the red ofl
2ll dissclved) resulted in the fsolation of another 2.4 g. of
piperidinium bremide, m,p. 2402420, An suthentic eample was prepared
froe piperidine and hV&rogen Erom;de. Bohh.samplea were groand and
dried at 1 mm. ard 56% wm.p. {authentic salt) 238.5-2%%, 5% m.p.
(prepaved asalt) 239,0-235.5%; mixed m.p. 238.5-239.5°,

The ftltrate was evaporsted at reduced pressure to leave tarry-
red oily residue containing crystals and veighing 10.3 g. The residus
wes wazhed repeatedly with water to remove the soluble hydrcbromide
salt. The squecus solution was evapersted at reduced pressure .

On addiiica of ‘ethapol to the residunl oil, 0,51 g. of browm crystals
vere recovered. Attempts to crystallize additional meterial from the
filtrate (oy evaporation, freezing, addition of cther) were uneuccessfulj
only tars separated, The hydrobr:mide content of this mixture was
determinzd by dissolving the tar and ethanolic solution in wsier and
treating the mixture with excaess aqueocus silver anitrate, The silver
brozide recovered weighed 1,48 g, Thus 0,0079 mole {1.3L g.) of
-piperidinium tromide was rrescnt in the filtrate, ~The brown crystals
vere diesolved ir warm ethanol and reprecipitated by addition of ether.
Recovered 0.4% g, of tan salt, m.p. 226-23%C. The total amount of
piperidinium bromide present in the tarry rssidue, therefore, was
li?kfg1"(10.5$'af the theoretical yteld). 3

The producfa of reaction of 1,1,l~trinitrcethane and piperidine
sre thus gwsmsrized: piperidinium 1,1-dinitroethane (6h 3%), piperidinium
bromide {74, 7%, 124 g, ) and an unideantified residue {a polymer ,
prebebly composed of piperidine units; yicld based on piperidine 29.4%),

19. EREACTION CF 1,1,1~TRINITPOETEANE WITH GUANIDINE.

Sodium ethexide wes prepared from sodium (2,76 g., 0,12 g.-equiv.}
ard abaoluis ethancl (50 ml,). To this solution was sdded guanidine
carbonate (12,60 g., C.,07 mule, 0.1k equiv,; ground in mortar) with
vigorous stirring at room temperature; the walls of the reaction flusk
vere wasked down with abaolute ethanol (20 ml.). After 15 min., the
suspension was cooled to 0-5 and stirred feor %0 ain. The sodium
carvonate and excess guanidine carbonate were filtered and washed with
absolute ethanol {ca. 50 ml.) and then with etbanol-ether; the wauliings
were combiued with the filtrate.

The alcoholic guanidine golution was cooled to 0-5° and 1,1.1-tri-
nitroethane (8,25 g., 0.05 mole) in absolute ethanol \hu ml.) was
added dropwise with stirring (90 min.). -The mixture was stirred at
room temperature for 10 hours, The suspension was cooled to 0° end
filtered to isolate thes orange salt (9.16 g,) that had
precipitated. This salt was froed of impurities (guanidinium nitrite)
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soluble in ethavol by suspension in 95% micohcl (3% ml.) &ad thes
tefluxing; the suspension was cooled tu 0-5%, filtered, wsshed with
sbsolute athanol ard ether, and Aried, Powdery, orange 2,Z-dinitcosthyl-
guanidive was recovarei in 34.BY crude yisld [7.50 g.). Ultraviolet
analysis of a 1 x 10°* M golution of thia salt (in 10-3 M NaOH) showed
1t to be 88.3% pure (Eya, (365 mpy ) 1.435; c, 0,883 x 10~ M). The
iapurity present is presumabiy guanidine carbdbonate,

Cn standing, the filtrate depczited s red, crystelline ralt
(0.22 g.). On the daeis of its ultrsviolst analysis, this product
contains  3C.8% 2,2-dinitrcethylguanidine; “he remaining material is
largely guanidinium nitrite,

The filtrats vas evaporsted to dryness ei reducsd pressurs, A
guuny, red sollid remained. A homogetieous, crystellins salt cold not
be obialned by adding either ether or acetons to an alcchol solutic:
of the folid product. The sclvents ware removed by acpiration at room
temparature. The gumey solid resaining weighed 7.41 g. This wae
stored in 2 vacuum desiccator over Drierita at 1 mm. for three days.
The weight of this product vhen drizd vas 7.06 g. {theoretical yield
for guanidinium nitrite 13 5,30 g.; the impurities present include
2,2-dinitroethylgusnidine and guapidine as its hydrate or sicoholate),
Ultraviolet analysis of a 1 x 10-% M solution of this product (in 10-> M
uacg) irdicates that 2,2-dinitroethylguanidine is pressnt to the sxtesmt
of 8.2-9.7%, (a background absorption of 0.025 was observed (guanidine
carbonate in exczss base shows ro absorption im the 300400 my/ region);
1f this 1s teken into sccount, the lower value is more accurate),

Identification of the sslt as guanidine nitrite was accoaplished as
follows:

(I) A sample veighing 0.5026 g. was dissolved in ethanol-weter
(10:3 21.) and added to a soluticn of picric acid (2.2 g.) in absolute
ethanol (ca. 40 ml.). The orange-yellow picrate was filtered, washed
vith ethancl and sther aod dried to give gusnidine picrate (1.0l g.},
®m.p. 7% {3ec.); en suthentic sample melted at 319-320° (dec.). - Onm
the besis of the yleld of guanidine picrate, 0.207 g. of guanidine was
tresent in the sample,. If it is aesumed lhat 21l of the gusnidina
vars present 88 its nitrite, the origioal salt crop containe 5.23 g.
of guanidinium nitrite (5,30 g. » theoreticel yield).

(I1) On treatiang the salt with acid, copious quantitiss of aitrogen
oxides vere evclved; the salt also liberated icdine frow & soliutiom of
potassiun iodide and acetic acid, A solution of 1.006 g. of the impure
salt in ca. 40 xi. of distilled water (pH of solution # 9.6) was
reutralized with dilute nitric acid (tc pi = 6.9) to b2nd any Zree
guanidine. A concentrated solution of s2ilver nitrate {35.995 g. in
ca, 6 ml. cf water) was then added. The crude grey-brown sslt obtained
voighed 1,15 g. (theoreticnl yleld of silver nitrite » 1,54 g.) A portion
of this product (1.05 g.) waa recrystaliized upon heating in 80 ml, of
vater at €0-70°, filteriug, and cooling the filtrate to 0°, The brown,

CONFIDENTIAL
SECURITY INFORMATION



W an & g b e o S L W O

e /N ENTI/—«L 28
iansolubls msterial welghed Q0,05 g, The remalning materis. silvsr
nitrate (0.96 g.),upon filtration was isolated as a powdery crange

salt (0.95 z.). The salt geve a s*rong positive test for al:irite ion
(1odide %o iodine in acetic scid solution).

The recovery of silver nitrite, therofore, is 61.7% of the sample
(not inciuding that soluble in the originai filtrate); the amount of
guanidiu‘um nitrite present, therefere, is- appro:imately L, % g,
{82.3% of theoretical amountj. The amount of free guaniaiue present
\considaring quantity of picrate obtained) is approximately 0.8 g.
The%§otal yield of 2,2-dinitroethylguanidine is 72.8% (64.9 + 1.4 +
6.5%). '

X QXIPATIVE-NITRATION UF CYCLOPENTYLIITRCMETHANER "YCLC‘ENTYLLTNIIROL
METHARE .

Nod $im hydroxide {3.1 g., O. 078 mole, 9?.?% assay, in 100 ml, of water)
and the sclution was allowed to stapd for 15 minutes telow 15°. Sodiun
nitrite (5.38 g., 0.078 mole, 97% assay, in 5 ml. of water) was added
and the mixture was cooled in an ice-salt bath and poured into a stirred
solution of silver nitrate (25.% g., 0.15 mole, in 50 ml, of water)b
aguelus sodium hydreoxide (5%, 1 drop) and ethyl ether (75 ml,) at 57,
After the precipitation of silver was complete, the cooling bath was
removed and the mixture was allcowed to stir for 30 minutes. Saturated
sodium chloride (5 ml.) was added and the mixture was filtered by
suctivn. The gilver depcsit was washed liberally with ether; tne ether
layer was washed with water, brine and drled with Drierite, Distillation
under reduced presasure (nitrogen atmosphere) gave cvclonentv1d1nitro-
methane: 6.47 ., 50.9% yleld, b.p. 95-9€° (5 mm.), ns? 1.

dEG 1.2473.

{v} Purification of Cvclopentyldinitrcmethane. Potassium cyclo-
pen<yldinitromethane {4.069 g., 0.019 mole, recrystallized from hot
vater) was pluced i~ a 500 ml, flask, fitted with a stirrer. a thermometer
acd a condenser. The potassium eslt was dissolved in 250 ml. of water
and cocled tc 0C. with stirring, a sclution (rrecooled te 0°) of urea
(5.1 g., 0.085 mcie) dissolved ia 20% aquecus acetic acid (30 ., 0.10 mole
acid) was added (b:- mesns of = medicine dropper) over a period of
20 minutes. The tvo phase system thus produced was extracted with
petroleur ether {2 x 50 ml.); the extracts were combined, dried with
Drierite and diatilled under reduced pressurs (ritrogen a zosphere) to
give pure cyclopeniyldinitromethane: 2.35 g., b.p. $5-96° (5 mm.),

ng? 1.4K86, d?“ 1.2570,

An&l. fQT‘ VGHIOI\‘204' Calbd C’ 41. =t‘ , 5.’(’9; I", 16a(l\9v
Found:C, 41,.26; H, 5.30; N, 15.84,
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Potassium cyclopentyldicitromethﬂne (1.010 g., 79,2% theory) was
obtained oo a yellow salt by treating cyclopentyldinitromethans
(1.0L€ g.) in methanol (10 ml.} with methanolic potassium hydroxide and
washing the filtered product several timee with ethyl ather; dec. range
134-151° after recrystallizaticn froz hot water. The ultraviclet
ebsorption of potassium cyclopentyldinitromethsne (conc. of anion:
1 x 10~% moles/liter in 10-3 N sodium hydroxide., The samplie was grepared
by dissolution of the potassium salt im 1,0 x 10-3 N sodium hydroxide)
are: Mex. 1, 338 up , 1og€ , ¥.01; Min., 1, 306-308 my , log&uy, 2.76%
Max. 2, 233 mys , log & 3. 87.

Siiver cyclopentyldiritromethane (0,491 g., 94.4% theory) was
obtained as a water-irsoluble solid on mixing aquecus sclutions of
petassiun cyclopentyldinitromethane (0:393 g, ) and silver nitrate;
dec. range, 104-119° at which the silver salt began to deposit & silver

mirror, ﬂhn following analyses of silver cyclupentyldizitromethene were
ottained: fl} 0.1088 g. of allver cyciopentyldinitromethane required
7.55 ml., of $,05%.48 N exmonium thiceyanste; ag 38.5%, (2) 0.108b g.
of siiver cyzlopentyldinitrccethane requ*red 7.50 ml, of 0,05148 ¥
ammonium tnioccyanate; Ag 38.4%, Theory, Ag 38.38%.

2l. PREPARATION OF 3,3-DIMETHYL-1~NITROBUTANE.

Silver citrite (54 g,, 0.25 mole, freahly recrysiallized from hot,
water) was Introduced into a 1 liter rourd-bottomed three-uecked fiask
fitted with & ccudenmser, a stirrer, and a drorpiag funnel, The flusk
wae cnoled to 0° and l-bromoc-3,3-dimethylbutane (58.% g., 0.3 mols,
prepared by reaction of t-but,l bromideg, ethylene, and aluminum bromide
a% =30 to -5 ,» bepe 5&-55 (40 ma, ), 5 1.5420, dfn 1.1592; Tit.ll

b.p. 540 (40 mm.), 080 1 4k4o, dE ¥ 1556) ves. adisd Axapoiu Siehe

course of 2 hours, Stirring at 0° was continued for an additional 4 hours,

The mixture was brought to room temperature and left overnight vhile

stirring. The mixture was thez heated on a steam-bath Sor 6 hours.

Ethyi ether (5C ml.) wac added and the mixture wes refluxei for an

additiopal 2 houra, The inscluble silver tromiie was filtered and washed

repeatedly with ether, Tha veﬂtinud e+be: washings wvere dlstilled to

give: Fraction L, 0. 9 8.5 .o %5-60°(20 r:), ne? 1.k209; Fraction 2,

11.9 g., ©.p. €0-69° (‘u om. ), r3” 6&21?, 3:C 8,9802; Fraction 3, 10.5 g.,
b.p. 69-7¢° (29 um.), nD 1.4212, du 0.Gk57,

Sulfuric acid (96%, 3% ml., preconled to 0°) was added to Fractiouns
2 and 3 (27.4 ey cooled to 0°) st a rate such that the temperatore did
not rige above 5°. The solution was then stirred for 15 minutes at O°
and then poured ovm ice (200 g.) which wao covered with petroleum ether
(75 ml., b.p. 30-60°). The agueous layocr was sevarated and extracted
with freeh portions of petroleum ether. The ether extracts were combined,
washed with wnter and dried cver Drierite. The solvent wvas removed
under reduced pressure and the residue was distilled under reduced
preesure to give crude & -nitro-3,3-djimethyibutane: Fraction 1, 3, T g.,
b.p. 67-68° (20 mm.), nf’ 1. 4198, dL C.y551; Fraction 2, 6.71 g.,

b.p. 56-€9° (20 mm.), ngﬁ 1.4218, 350 o,9h67,
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3,3=-Limethyl-l-nitrobutane did ret aasiyze guits correctly. It

was therefcre converted to 3,3-dimethylbutanal. and enalyzed as its
2,4=3initrophenylhyirezone, A sclution of 3,%-dimethyl-l-nitrobutane
{0,340 g.) and methancl {25 ml,) was edded dropwise tc sodium hyiroxide
(0.3 ge) ¢ er (10 ml,, at 5-5%, ° The resulting mixture was addec
dropwisge ¢ slution cf’suifuric‘%cid (2,5 ml. of 95% sulfuric acia
in 12.5 =1. of water) cooled to C¢5 . The 2,4-dinitrophenylhydrazone
of 3,3-dimethylbutanal resulted when e solution of 2,4=dinitrophenyl~
hydrezine was addsd. After rectvetallization -from $%% sthanol, the
2,%~d1initrophenylhydrazone save orange needles (0.20€ g.), m.p. 148°

n e d
4 was
-
< S

5]
-

Anal. for C;pH:; 7N 04: Calcd: C, 51.25;‘3,»6.09; N, 19,92,
Fouad: C, Si.23%; H, 5.84; N, 2C.17.

22, TREPARATION OF

2.DIMETEYL-1,1-DINITROBUTANE {Completed expsriment)

3, 3=Dimethyl-l-vitrobutane (10.45 g., 0.5C mole)} was dissolved in
methanol {100 ml.) and added to aqueous sodium hydroxide 3.6 g., 97.9%
aseay in 25 ml, of water) at 5°. Sodium unitrite {£.2 g., 0.09 mole,
in 15 ®l. of water) was added and the coid solution was poured repidiy
into a stirred mixture of aqueous silver nitrate - (30.6 g., 0.18 mole};
aguscus sodium hydroxide (5%, 1 drop), water (70 ml.) and ether (125 ml.)
at 0-5°, After the precipitation of silver was complete; the cooling
bvath waa removed and the mixture was stirred for C.5 hour., Saturated
sodium chloride (5 ml.} was added aud the mixturs was filtered; the
residue from the-filtration was washed thoroughly with ethyl ether.

The £4l’rate vas separated end the agqueous lay:r was washed with eiher.
The cther washings were combined, washed with saturated sodfuz cklnride
solution, water and dried with Drierite. After ether was removed, the
crude product was distilled under reduced pressure (nitrogen atmosphere)
to give 5,gad1methyl-16353&1nitrobutane (6,10 g., 43.3% yield), b.p. V7°
(5 mm.), of” 1.439%4, 4.~-1.1190.

' Potassium 3,3~-dimsthyl-1,l-dinitrobutane (1.66 g., 95.5% theory)
was obtained as a yellow salt by treating 3,3-dimethyl-1,1-dinitrobutane
(1.43 g., 0.0081 mole) in methanol (10 ml.) with methanolic potassium
hydroxide and washing the filtered product several times with-ethyl ether;
dec. range, 260-273 after recrystallization from hot water, The
.eolubility of pctassium 3,3-dimethyl-l,l-dinitrobutene is 1 part in
15.3 parts of water st 320

Silver 3,3-dimetl:yl-1l,l-dinitrobutane (0.271 g., 97.8% theory) waa
obtained as s water-insoluble orange 30lid on mixing aquecus solutions
of potassium 3,3-dimethyl-1l,l-dinitrobutane (0,268 g., 0.00098 mole) and
silver nitrate; dec. racge, 160-177°%, depesitior of = silver mirror,
The following eralyses of asilver 3,%=-dimethyl-l-dimitrchtutane wore
obtained: (1) 0.0814 g. of eilver 3,3-dimethyl-1l,l-dinitrobutenc required
5,60 ml. of 0.05148 N ammonium thiocyanate; Ag 38.2%, (2) ©.0888 g, of
gllver 3,3-dimethyl-l,l-dinitrobutane requircd 6.1% ml., of 0,0951k8 N
ammenium thiocyanate; Ag 38.4%. Theory, Ag 38.11%. -
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- purification of 2,3~dimethy -l 3:~dini*robutane. Potasoimk”
3, 3~dimethyl-1, l-dinltrobutane 42.7 g., 0.C20) mole, recrystallized
twice from hot water) was placed in a 500 ml., round-bottomed, thiree
necked flask ecuipped with a stlrrer, a thermometer and a condenser.
The potassium salt was dissolved.in water (250 ml.) and cooled tc O°,
While stirrineg, a solution of ucea (5.1 g., 0.085 mole, prscocled ts
0°) in 2% aqueous acetic acid (30 g., 0.10 mole acid) was added (b“
-megns-of a medicine droppar) over a period of 20 minutes. The two
‘these syster thus producsd wus extracted with pet,ro.:.aum wther
(3x 50ml.) and the eéxtrscts were combined and dried over Drierite,
kfter petroleum ether was distillsd, the residue was distilled under
reduced pressure +o give pure ,,S-dimatml-i J=dinitrobutane: 2.75-%.,
b.p. 78-79° (5 m.,, nZ0 1,4398, df0- 3.3185, Miy {caled,) 4L.50,
MRy (found) 41,
Ansl . Caled, for_ CGH,gNaOk.: Calcd.: C, 40,903 H, 6.865 N, 15.90,
Found: 'C, I&I;_%, 176 jﬁ, i5. 33u

2% THE SOLUBILITIES OF POT:SSIUM 1,1-DINITROALKANES (ressamination)

The solubilitiam of the varicus petassinm I,1-dintiroalkanes were
detormired in the following manne>t Water was added from a buret into
a weighed sample {0.1~0.3 g.) of potassium dinitrcalkane in a weighed
Brlenmeyer flask, The heterogeneous soluticn was shaken from time to
time 2nd left at room temperature bath (25 * 0.01°) overnight., The
insoluble votassium dinitroslkane was filtered mpldly (ref‘uireu not
more than 1 minute} in a weignhed giass sintered fumnel and weighed
after romplete diving. The solubility of the salt wes then calculated.

Compound
Potassiun salt of Solubility
1,1-Dinitraethane (8) 1 part in 13.3
(b} 1 part in 13.6
1,1-DMnitropentens (a) 1 pert in 42.1
{v) 1 part in 42,1
1,1-Dinitro-3-meLhylbutane 1 part in 8.30
3,4~Dimethyl~1,1-dinitrobutane 1 pert in 19.3
Cyclopentyldinitromethane 1 pert in 13.2
Cyclohaxyldinitromethane " (a) 1 pert in 36.8

(b) % part in 36.6
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